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Chiral dynamics of the p wave in KÀp and coupled states
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We perform an evaluation of thep-wave amplitudes of meson-baryon scattering in the strangenessS
521 sector starting from the lowest order chiral Lagrangians and introducing explicitly theS* field with
couplings to the meson-baryon states obtained using SU~6! symmetry. TheN/D method of unitarization is
used, equivalent, in practice, to the use of the Bethe-Salpeter equation with a cutoff. The procedure leaves no
freedom for thep-waves once thes-waves are fixed and thus one obtains genuine predictions for thep-wave
scattering amplitudes, which are in good agreement with experimental results for differential cross sections, as
well as for the width and partial decay widths of theS* (1385).
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I. INTRODUCTION

The advent of chiral perturbation theory (xPT) as an ef-
fective approach to QCD at low energies@1# in hadron dy-
namics has allowed steady progress in the field of mes
baryon interaction@2–5#. However, an important step in th
application of chiral Lagrangians at higher energies than
lowed byxPT is the implementation of unitarity in couple
channels. Pioneering works in this direction were those
Refs. @6–8#, where the Lippmann-Schwinger equation
coupled channels was used extracting the kernels from
chiral Lagrangians. Subsequent steps in this direction w
made in Ref.@9# in the study ofK2p interaction with the
coupled states using the Bethe-Salpeter equation and i
ducing all the channels which could be formed from the oc
of pseudoscalar mesons and stable baryons. Further ste
this direction in the strangenessS50 sector were made in
Refs. @10–14#. The works of Refs.@6–9# dealt only with
s-waveK2p scattering, and one obtained a remarkably go
agreement at low energies with the data for transitions
K2p to different channels, indicating that thep wave and
higher partial waves play minor roles at these energies.
extension of these works to includep waves or higher partia
waves is thus desirable in order to see whether the agree
found with only ans wave is an accident or whether on
confirms that the contribution of thep wave is indeed small
There is also an important feature of thep wave which is the
presence of theS(1385) resonance appearing with the sa
quantum numbers as those of theK2p system, although only
visible in pL or pS states since the resonance is below
K2p threshold.

The introduction ofp waves into the strangenessS521
sector was done in Ref.@15# and more recently in Refs
@16,17#. In Refs. @15,16# only the region of energies abov
the K2p threshold was investigated but theS(1385) reso-
nance region was not explored. In Ref.@17# the decouplet of
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the S(1385) was explicitly included as a field, and chir
Lagrangians to next to leading order were introduced to d
with the meson-baryon scattering problem. In this latter wo
the around 25 free parameters of the theory were fitted to
data, although some of the parameters are constraine
largeNc arguments.

Simplicity is one of the appealing features of theK2p
interactions from the perspective of chiral symmetry. Inde
in Ref. @9#, it was found that using the transition amplitud
obtained with the lowest order chiral Lagrangian as a ker
of the Bethe-Salpeter equation, and a cutoff of about 6
MeV to regularize the loops, one could reproduce the cr
sections ofK2p→K2p, K̄0n, p0L, p0S0, p1S2, and
p2S1, together with the properties of theL(1405) reso-
nance, which is dynamically generated in that scheme.

It is remarkable that, using the same input, one can a
obtain theL(1670) andS(1620) s-wave resonances@18# as
well as theJ(1620) @19#, which completes the octet of low
est energy s-wave excited baryons together with th
N* (1535) obtained in Refs.@6,12,14# following the same
lines. The idea here is to see whether the simplicity obser
in the s-wave interaction also holds forp waves. In other
words, we would like to see if one obtainsp wave ampli-
tudes using again the lowest order chiral Lagrangians and
same cut-off parameter as in Ref.@9#. Anticipating results,
we can say that thep wave amplitudes obtained with thi
line are in good agreement with experiments, as well as
properties of theS(1385) resonance, thus obtaining
parameter-free description of thep wave phenomenology in
the S521 sector.

II. MESON-BARYON AMPLITUDES TO LOWEST ORDER

Following Refs.@2–5# we write the lowest order chira
Lagrangian, coupling the octet of pseudoscalar mesons to
octet of 1/21 baryons, as

L 1
(B)5^B̄igm¹mB&2M ^B̄B&1

1

2
D^B̄gmg5$um ,B%&

1
1

2
F^B̄gmg5@um ,B#&, ~1!

ss:
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where the symbol̂ & denotes the trace of SU~3! flavor ma-
trices,M is the baryon mass, and

¹mB5]mB1@Gm ,B#,

Gm5
1

2
~u†]mu1u]mu†!,

~2!
U5u25exp~ iA2F/ f !,

um5 iu†]mUu†.

The couplingsD and F are chosen asD50.85 and F
50.52.

The meson and baryon fields in the SU~3! matrix form are
given by

F5S 1

A2
p01

1

A6
h p1 K1

p2
2

1

A2
p01

1

A6
h K0

K2 K̄0 2
2

A6
h

D ,

~3!

B5S 1

A2
S01

1

A6
L S1 p

S2
2

1

A2
S01

1

A6
L n

J2 J0
2

2

A6
L

D .

~4!

The BBFF interaction Lagrangian comes from theGm
term in the covariant derivative, and we find

L 1
(B)5K B̄igm

1

4 f 2
@~F]mF2]mFF!B

2B~F]mF2]mFF!#L , ~5!

from which one derives the transition amplitudes

Vi j 52Ci j

1

4 f 2ū~p8!gmu~p!~km1km8 ! ~6!

wherek and k8 (p and p8) are the initial and final meson
~baryon! momenta, respectively, and the coefficientsCi j ,
where i and j indicate the particular meson-baryon chann
form a symmetric matrix and are written explicitly in Re
@9#. Following Ref.@9#, the meson decay constantf is taken
as an average valuef 51.123f p @18#. The channels included
in our study areK2p, K̄0n, p0L, p0S0, hL, hS0, p1S2,
05520
l,

p2S1, K1J2, and K0J0. The s-wave amplitudes were
obtained in Refs.@9,18# and we do not repeat them here. Th
Lagrangian of Eq.~5! also provides a small part of thep
wave which is easily obtained by evaluating the matrix e
ments of Eq.~6! using the explicit form of the spinor and th
Dirac matrices. We obtain, in the center of mass system,

t i j
c 52Ci j

1

4 f 2 aiaj S 1

bi
1

1

bj
D ~sW •kW j !~sW •kW i !, ~7!

with

ai5AEi1Mi

2Mi
, bi5Ei1Mi , Ei5AMi

21pW i
2 , ~8!

whereMi is the mass of the baryon in channeli.
In addition we have the contribution from theL and S

pole terms which are obtained from theD andF terms of the
Lagrangian of Eq.~1!. The S* pole term is also included
explicitly with couplings to the meson-baryon states eva
ated using SU~6! symmetry arguments@20#. These terms cor-
respond to the diagrams of Figs. 1~a!–1~c!.

The amplitudes for theL, S, and S* pole terms are
readily evaluated and performing a nonrelativistic reducti
keeping terms up toO(p/M ), we find, in the center of mas
frame,

t i j
L5Di

LD j
L

1

As2M̃L

~sW •kW j !~sW •kW i !S 11
kj

0

M j
D S 11

ki
0

Mi
D ,

t i j
S5Di

SD j
S

1

As2M̃S

~sW •kW j !~sW •kW i !S 11
kj

0

M j
D S 11

ki
0

Mi
D ,

~9!

t i j
S* 5Di

S* D j
S* 1

As2M̃S*
~SW •kW j !~SW †

•kW i !

with S† the spin transition operator from spin 1/2 to 3/2 wi
the property

(
Ms

Si uMs&^MsuSj
†5

2

3
d i j 2

i

3
e i jksk ~10!

and

Di
L5ci

D,LA20

3

D

2 f
2ci

F,LA12
F

2 f
,

Di
S5ci

D,SA20

3

D

2 f
2ci

F,SA12
F

2 f
, ~11!

FIG. 1. Diagrams for the pole terms of~a! L, ~b! S, and~c! S* ,
with the K2p channel as an example.
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TABLE I. cD, cF, andcS coefficients of Eq.~9!.

K2p K̄0n p0L p0S0 hL hS0 p1S2 p2S1 K1J2 K0J0

ci
D,L

2A 1
20 2A 1

20
0 A 1

5 2A 1
5

0 A 1
5 A 1

5 2A 1
20 2A 1

20

ci
F,L A 1

4 A 1
4

0 0 0 0 0 0 2A 1
4 2A 1

4

ci
D,S A 3

20 2A 3
20 A 1

5
0 0 A 1

5
0 0 A 3

20 2A 3
20

ci
F,S A 1

12 2A 1
12

0 0 0 0 2A 1
3 A 1

3 2A 1
12 A 1

12

ci
S,S*

2A 1
12 A 1

12 A 1
4

0 0 2A 1
4 2A 1

12 A 1
12 A 1

12 2A 1
12
-
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Di
S* 5ci

S,S* 12

5

D1F

2 f
.

The constantscD, cF, cS are SU~3! Clebsch-Gordan coeffi
cients which depend upon the meson and baryon involve
the vertex and are given in Table I. The phase relating ph
cal states to isospin statesuK2&52u1/2,1/2&, uJ2&
52u1/2,1/2&, up1&52u1,1&, uS1&52u1,1&, normally
adopted in the chiral Lagrangians, are also assumed h
M̃L , M̃S , andM̃S* are bare masses of the hyperons, wh
will turn into physical masses upon unitarization.

III. UNITARY AMPLITUDES

The lowest order~tree level! contributions to thep wave
meson-baryon scattering matrix are provided by Eqs.~7! and
~9!. Following the philosophy of Ref.@9#, the tree level con-
tributions are used as a kernel of the Bethe-Salpeter e
tion. Furthermore, the factorization of the kernel makes
technically simpler to solve the Bethe-Salpeter equation
was shown in Ref.@9# that the kernel for thes-wave ampli-
tudes can be factorized on the mass shell in the loop fu
tions, by making some approximations typical of hea
baryon perturbation theory. The factorization forp waves in
meson-meson scattering was also proved in Ref.@21# along
the same lines. A different, more general, proof of the fac
ization was done in Ref.@22# for meson-meson interaction
and in Ref.@16# for meson-baryon interactions, where, usi
the N/D method of unitarization and performing dispersi
relations, one proved the on-shell factorization in the abse
of the left-hand cut contribution. This part is shown to
small in Ref. @22# for meson-meson scattering and ev
smaller for the meson-baryon case because of the large b
onic masses in the meson-baryon systems. The formal re
obtained in Ref.@16# for the meson-baryon amplitudes in th
different channels is given in matrix form by the same res
coming from the Bethe-Salpeter equation,

T5V1VGT, ~12!

that is,

T5@12VG#21V, ~13!

whereV is the kernel~potential!, given by the amplitudes o
Eqs. ~7! and ~9!, andG is a diagonal matrix accounting fo
the loop function of a meson-baryon propagator, which m
be regularized to eliminate the infinities. In Ref.@9# it was
05520
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regularized by means of a cutoff, while in@16# dimensional
regularization was used. Both methods are eventu
equivalent, although in the dimensional regularizati
scheme there is a different subtraction constant in each i
pin channel and thus allows for more freedom.

The loop functionG in the cutoff method is given by

Gl~As!

5 i E d4q

~2p!4

Ml

El~qW !

1

k01p02q02El~qW!1ie

1

q22ml
21 i e

5Eqmax d3q

~2p!3

1

2v l~q!

Ml

El~q!

1

p01k02v l~q!2El~q!
,

~14!

while in dimensional regularization one has

Gl~As!5 i2MlE d4q

~2p!4

1

~P2q!22Ml
21 i e

1

q22ml
21 i e

5
2Ml

16p2 H a~m!1 ln
Ml

2

m2 1
ml

22Ml
21s

2s
ln

ml
2

Ml
2

1
q̄l

As
@ ln~s2~Ml

22ml
2!12q̄lAs!

1 ln~s1~Ml
22ml

2!12q̄lAs!

2 ln~2s1~Ml
22ml

2!12q̄lAs!

2 ln~2s2~Ml
22ml

2!12q̄lAs!#J , ~15!

where m and M are taken to be the observed meson a
baryon masses, respectively, in order to respect the p
space allowed by the physical states,m is a regularization
scale ~playing the role of a cutoff! and ai are subtraction
constants in each of the isospin channels. In Ref.@18# it was
shown that, takingm5630 MeV as the cutoff in Ref.@9#, the
values of the subtraction constants in Eq.~15! which lead to
the same results as in the cutoff scheme are@36#

aK̄N521.84, apS522.00, apL521.83
~16!

ahL522.25, ahS522.38, aKJ522.67.
3-3
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We shall use the same values here, and hence this proce
would be equivalent to performing the calculations using
unique cut-offqmax5630 MeV in all channels. In a secon
step we shall relax this constraint and allow the subtrac
constants to vary freely to obtain a better global fit to t
data.

The use of the amplitudes of Eqs.~7! and ~9! directly in
Eq. ~13! is impractical since, due to their spin structure, the
is a mixture of different angular momenta. It is standard
separate the amplitude for a spin zero meson and a spin
baryon into different angular momentum components.
write, with the angleu between meson momenta in initia
and final states,

f ~kW8,kW !5(
l 50

`

$~ l 11! f l 11 l f l 2%Pl~cosu!

2 isW •~ k̂83 k̂!(
l 50

`

$ f l 12 f l 2%Pl8~cosu!, ~17!

which separates the amplitude into a spin-non-flip part an
spin-flip one. The amplitudesf l 1 and f l 2 correspond to or-
bital angular momentuml and total angular momentuml
11/2 andl 21/2, respectively. These amplitudes exhibit i
dependent unitarity conditions and separate in the Be
Salpeter equation. If we specify thel 51 case, thep wave
amplitudes can be written as

T~kW8,kW !5~2l 11!@ f ~As!k̂8• k̂2 ig~As!~ k̂83 k̂!•sW #.
~18!

From Eqs.~7! and ~9! the corresponding lowest order~tree
level! amplitudes read

f i j
tree~As!5

1

3
H 2Ci j

1

4 f 2 aiaj S 1

bi
1

1

bj
D

1

Di
LD j

LS 11
ki

0

Mi
D S 11

kj
0

M j
D

As2M̃L

1

Di
SD j

SS 11
ki

0

Mi
D S 11

kj
0

M j
D

As2M̃S

1
2

3

Di
S* D j

S*

As2M̃S*
J kikj , ~19!
05520
ure
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n

e
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e

a

e-

gi j
tree~As!5

1

3
H Ci j

1

4 f 2 aiaj S 1

bi
1

1

bj
D

2

Di
LD j

LS 11
ki

0

Mi
D S 11

kj
0

M j
D

As2M̃L

2

Di
SD j

SS 11
ki

0

Mi
D S 11

kj
0

M j
D

As2M̃S

1
1

3

Di
S* D j

S*

As2M̃S*
J kikj , ~20!

wherei and j are channel indices. Hence, denotingf l 1[ f 1

and f l 2[ f 2 for l 51, with

f 15 f 1g,
~21!

f 25 f 22g,

and using Eq.~13!, one obtains

f 15@12 f 1
treeG#21f 1

tree,
~22!

f 25@12 f 2
treeG#21f 2

tree.

As one can see from these equations, the amplitudesf 1
treeand

f 2
tree in the diagonal meson-baryon channels contain the

tor kW2, with kW the on-shell center-of-mass momentum of t
meson in this channel. For transition matrix elements fr
channel i to j the corresponding factor iskikj where the
energy and momentum of the meson in a certain channe
given by

Ei5
s1mi

22Mi
2

2As
, ki5AEi

22mi
2, ~23!

which also provide the analytical extrapolation below t
threshold of the channel whereki becomes purely imaginary

The differential cross sections, including thes-wave am-
plitudes are given by

ds i j

dV
5

1

16p2

MiM j

s

k8

k
$u f (s)1~2 f 11 f 2!cosuu2

1u f 12 f 2u2sin2u% ~24!

where the subscripti, j in each of the amplitudes must b
understood. Set of equations~22! can be solved in the spac
of physical states, the ten-channel space introduced in
Alternatively one can also construct states of given isos
~see Sec. 3 of Ref.@9#! and work directly with isospin states
Conversely, one can work with the physical states and c
struct the isospin amplitudes from the appropriate lin
3-4
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combinations of transition amplitudes with physical stat
The isospin separation is useful forp waves. Indeed in the
channel f 2 , which corresponds toJ51/2, we can haveI
50 and 1. The pole of theL andS from the pole terms in
Fig. 1 will show up in the calculation in these channe
respectively. However, the unitarization procedure will sh
the mass from a starting bare massM̃L andM̃S in Eqs.~9! to
another mass which we demand to be the physically
served mass. Similarly, in thef 1 amplitude, corresponding
to J53/2, there will be a pole forI 51 corresponding to the
S* . Once again we start from a bare massM̃S* in Eq. ~9!
such that after unitarization the pole appears at the phys
S* mass. In the case of theS* , since there is phase spac
for decay intopS andpL, the unitarization procedure wil
automatically provide the width ofS* . With no free param-
eters to play with, the results obtained for theS* width and
the branching ratios to thepS and pL channels will be
genuine predictions of the theoretical framework. Since
poles of the coupled channelT matrix appear when the de
terminant of the@12 f 1

treeG# or @12 f 2
treeG# matrices is zero

~in the complex plane!, it is clear from Eq.~22! that one
obtains the sameL, S, or S* poles in all the matrix ele-
ments.

IV. RESULTS

In Fig. 2, we can see the total cross sections forK2p to
different channels as a function of the initial meson mom

FIG. 2. Total cross sections of theK2p elastic and inelastic
scatterings. The solid line denotes our results with the paramete
of Eq. ~16! including boths and p waves. The dashed line show
our results without thep wave amplitudes. The data are taken fro
@23# ~open circles!, @24# ~black triangles!, @25# ~black circles!, @26#
~open triangles!, @27# ~open squares!, @28# ~black squares!, @29#
~open down triangles!, @30# ~open diamonds!, @31# ~black dia-
monds!, @32# ~open pentagons!, and@33# ~black pentagons!.
05520
.
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tum in the laboratory frame. The parameters taken there
the set of values of the subtraction constantsai from Eq.~16!
which are already fixed from Ref.@18#, and the values of the
bare masses,M̃L51078 MeV, M̃S51104 MeV, andM̃S*
51359 MeV. The results with thes-wave alone are equiva
lent to those presented in Ref.@9#. As already remarked
there, the agreement with experiment is quite good, part
larly taking into account that only a free parameter, the c
off, has been fitted to the data. In addition the thresh
ratiosg, Rc , andRn , defined as

g5
G~K2p→p1S2!

G~K2p→p2S1!
52.3660.04, ~25!

Rc5
G~K2p→charged particles!

G~K2p→all!
50.66460.011,

Rn5
G~K2p→p0L!

G~K2p→all neutral states!
50.18960.015

were also well reproduced. The values obtained here arg
52.30, Rc50.618, andRn50.257.

The effect of adding thep wave is quite small in the cros
sections, justifying the success of the results obtained u
the s wave alone. In order to better appreciate the effect
the p wave, it is better to look at the differential cross se
tions since there one is sensitive to the interference ofs and
p waves, which results in larger effects than in the integra
cross section where just the square of thep wave amplitudes
appears. We can see in Fig. 3 that the incorporation op
waves provides the right slope in the differential cross s
tions, clearly indicating that the amount ofp waves intro-

set

FIG. 3. Differential cross sections of theK2p→K2p, K̄0n scat-
terings atplab5245, 265, 285, and 305 MeV. The solid line denot
our results with the parameter set of Eq.~16! including boths andp
waves. The dashed line shows our results without thep wave am-
plitudes. The data are taken from Ref.@25#.
3-5
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duced is the correct one. The agreement is not perfect fo
laboratory momenta shown, but the little strength missing
in excess is clearly due to the dominants wave. In order to
emphasize this better we have taken advantage of the
that one can make a fine tuning of the subtraction const
ai to improve the fit to the data. We have just changed
parametersai slightly to the values

aK̄N521.75, apS522.10, apL521.62,
~26!

ahL522.56, ahS521.54, aKJ522.67,

by means of which one obtains improved values for the l
energy observables:

g52.36 Rc50.634, Rn50.178. ~27!

The values of the bare masses are nowM̃L51069 MeV,
M̃S51195 MeV, andM̃S* 51413 MeV. The results for the
integrated cross sections with this set of parameters
shown in Fig. 4. The improvement is clearly appreciable
the K2p→K2p andK2p→p0L cross sections. The effec
of the p waves are more clearly shown in Fig. 5, where t
differential cross sections forK2p→K2p and K2p→K̄0n
are now well reproduced. In fact, thep waves have barely
changed from Fig. 3 to Fig. 5, but the slight improvement
thes-wave brings the results in better agreement with exp
ment. It is interesting to mention that there has been no
parameter in the determination of thep wave amplitude. The
bare masses ofL, S, and S* cannot be considered fre
parameters since they are determined by the physical ma
of the baryons once the regularizing cutoff is chosen.

FIG. 4. Same as in Fig. 2, with the parameter set of Eq.~26!.
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V. PROPERTIES OF THE S* „1385… RESONANCE

We turn now to the results below threshold where t
S* ~1385! resonance appears. The results are seen in thepL
or pS mass distributions in reactions withpL or pS in the
final state. The mass distribution ofpL is given by

ds

dm
5CutpL→pL

(I 51) u2pCM~L!, ~28!

where the constantC is related to the particular reaction ge
erating thepL state prior to final state interactions. Rela
edly, the pS mass distribution originating from the sam
primary mechanism will be given by Eq.~28! by changing
utpL→pL

(I 51) u2pCM(L) by utpL→pS
(I 51) u2pCM(S). The shape of the

mass distribution is used experimentally to obtain the po
tion and width of the resonance, and the ratio of par
widths of S* →pL,pS can be obtained by means of

GpL

GpS
5

utpL→pL
(I 51) u2pCM~L!

utpL→pS
(I 51) u2pCM~S!

. ~29!

In Fig. 6 we can see the shape of theS* distribution with a
width of about GS* .31 MeV which compares favorably
with the experimental value ofGS* .3564 MeV @35#. The
ratio of the partial decay widths obtained is

GpL

GpS
57.7, ~30!

which compares well with the experimental value of 7
60.5.

We have looked for poles in the complex plane in thep
wave amplitudes and have not found any, except
S* (1385), which is introduced as a genuine resonance
our approach, in the same way as theL or S baryons are
included as basic fields in the theory. This means that

FIG. 5. Same as in Fig. 3, with the parameter set of Eq.~26!.
3-6
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strength of the lowest orderp wave amplitudes is too weak t
generate dynamical resonances, contrary to what was fo
in Ref. @18# for s waves.

VI. CONCLUSIONS

We have evaluated thep wave amplitudes for meson
baryon scattering in the strangenessS521 sector starting
from the lowest order chiral Lagrangian, unitarizing b
means of the Bethe-Salpeter equation, or equivalently
N/D method, and regularizing the loops with a cutoff or
equivalent method using dimensional regularization. T
cutoff, or equivalently the subtraction constants in the
mensional regularization procedure, is fitted to the scatte
observables at threshold. In practice we take them from
lier work @18# where only thes-wave amplitudes were stud
ied in our approach. Once this is done there is no extra f
dom for the p wave amplitudes, which are complete
determined in our approach. We perform some fine tuning
the subtraction constants with respect to Ref.@18# in order to
obtain better results for theK2p→K2p cross section,
which, however, does not practically modify thep wave am-
plitudes.

The results which we obtain for thep wave amplitudes in
this approach are consistent with experimental data for
differential cross sections. The contribution to the total cr

FIG. 6. S* (1385) mass distributions in arbitrary units. Th
solid lines denotes the mass distribution in thepL→pL reaction,
while the dashed line shows the one for thepS with I 51 in the
final state. The data are taken from Ref.@34#.
. E

05520
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e

e
-
g
r-

e-

f

e
s

sections at low energies is very small but in the differen
cross sections its effects are clearly visible producing a sl
in ds/dV as a function of cosu, which is in good agreemen
with the data.

One of the most interesting features of thep wave in the
S521 sector is the presence of theS* ~1385! resonance
below theK2p threshold. This resonance cannot be gen
ated dynamically from the strength of thep wave in lowest
order of the chiral Lagrangians, and hence is introduced
basic field, like theL or the S. It couples to the meson
baryon states with a strength obtained using SU~6! symmetry
from the standard chiral Lagrangians involving pseudosc
mesons and the octet of stable baryons. With these coupl
and the unitarization procedure theS* (1385) develops a
width. In this sense, the total width ofS* , as well as the
branching ratios topL andpS, are predictions of the theory
and they come out with values in agreement with expe
ment.

The approach followed here corroborates once more
potential of the chiral Lagrangians to describe the low ene
interaction of mesons with baryons, provided a fair unita
zation procedure is used to appropriately account for
multiple scattering of the many channels which couple
certain quantum numbers. In this particular case, the pr
ous works in theS521 sector in thes-wave, together with
the present one for thep wave, provide a good theoretica
framework to study the meson-baryon dynamics at low
ergies. These works show that the basic dynamical inform
tion is contained in the chiral Lagrangian of lowest ord
since by means of a proper unitarization procedure
coupled channels and one regularizing parameter of nat
size for the loops, one can describe quite well the low ene
scattering data in the different reactions withS521.
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