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Flavor SU„3… breaking effects in the chiral unitary model for meson-baryon scatterings
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We examine flavor SU~3! breaking effects on meson-baryon scattering amplitudes in the chiral unitary
model. It turns out that the SU~3! breaking, which appears in the leading quark mass term in the chiral
expansion, cannot explain the channel dependence of the subtraction parameters of the model, which are
crucial for reproducing the observed scattering amplitudes and resonance properties.
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Properties of baryonic excited states are investigated w
great interest both theoretically and experimentally. Recen
the chiral unitary model has been successfully applied to
problem, especially to the first excited states of negative
ity (JP51/22) such asL(1405) andN(1535) @1–7#. In this
method, based on the leading order interactions of the ch
Lagrangian and the unitarization of theS matrix, the baryon
resonances are dynamically generated as quasibound s
of ground state mesons and baryons. It reveals the im
tance of chiral dynamics not only in the threshold but also
the resonance energy region.

In the chiral unitary model for the meson-baryon scatt
ing, we consider the coupled channel scatterings of the o
mesons and baryons. Imposing the unitarity condition on
scattering amplitudesTi j in the N/D method, we obtain the
scattering equation in the matrix form, Refs.@3,8#,

Ti j 5Vi j 1VikGkTk j , ~1!

where Vi j denotes the elementary interaction derived fro
the chiral Lagrangian at tree level. This equation can
solved algebraically. The loop integralGi is the fundamenta
building block in the chiral unitary model and are regulariz
by the dimensional regularization:
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1
q̄i

As
~Ln121Ln112Ln212Ln22!G , ~2!

with Ln66[ ln@6s6(Mi
22mi

2)12Asq̄i)], the masses of
baryon and mesonMi and mi , the three-momentum of th
mesonq̄i , the total energy in the center of mass systemAs,
and the regularization scalem. In the present calculation, w
follow the method shown in Refs.@5,6,9# and calculate only
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the s-wave amplitudes since the contributions from thep
wave ~and higher partial waves! are much less important in
energies considered here@10#.

In actual calculations, it is necessary to determine
renomalization constants (ai ’s! in Eq. ~2! so as to reproduce
experimental data. The constantsai are equivalent to the
subtraction constants in the dispersion theory formulation@8#
and, in fact, are free parameters of the model. As a con
quence, they have depended very strongly on scatte
channels, as shown in Table I.

In this work, we investigate whether such channel dep
dence of the subtraction constants could be explained by
SU~3! breaking terms of the chiral perturbation theory. B
doing this, we expect that the free parameters ofai ’s could
be controlled with suitable physics grounds, namely,
SU~3! breaking terms, in order to extend this model to va
ous channels with predictive power. Here, we keep using
one subtraction constanta commonly in all channels to regu
larize the loop functionGi .

The use of only one subtraction constant is justified in
SU~3! symmetric limit @9,11#. Under the flavor SU~3! sym-
metry, the scattering amplitude should be expressed as
agonal matrix in the SU~3! basis (1,8, . . . ), which is trans-
formed from the particle basis (pN,hN, . . . ) by a fixed
unitary matrix given by the SU~3! Clebsch-Gordan coeffi-
cients. Each component of the amplitudeT(D) separately
satisfies the scattering equation such as Eq.~2! in each irre-
ducible representationD. Therefore, on one hand, the func
tion G represented in a matrix form becomes a diagonal m
trix in the SU~3! basis. On the other hand, since theG
function is given as a loop integral, as shown in Eq.~2!, it is

TABLE I. Channel dependent subtraction constantsai obtained
in Refs.@5,6# with m5630 MeV.

S521 K̄N pS pL hL hS KJ

ai 21.84 22.00 21.83 22.25 22.38 22.67

S50 pN hN KL KS

ai 0.711 21.09 0.311 24.09
©2003 The American Physical Society01-1
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also diagonal in the particle basis. Therefore, the subtrac
constantsai ’s are components of a diagonal matrix both
the SU~3! and particle bases. Such a matrix for the subtr
tion constants should be proportional to unity. Hence, it
concluded that there is only one subtraction constanta in the
SU~3! limit.

Now let us show the Lagrangian with the flavor SU~3!
breaking terms, which we use in the present work. The SU~3!
breaking appears as the quark mass terms in the chira
pansion

LSB52
Z0

2
Tr~dmB̄$jmj1j†mj†,B%

1 f mB̄@jmj1j†mj†,B#) ~3!

2
Z1

2
Tr~B̄B!Tr~mU1U†m!,

where f m1dm51. Here, we employ the standard notati
@12#: j(F)5exp(iF/A2 f ) andU(F)5j2. The 333 matri-
cesB andF represent the baryon and meson fields. At t
stage, we introduce one meson decay constantf, which is
taken as an average valuef 51.15f p with f p593 MeV. The
quark mass matrix is defined asm5diag(m̂,m̂,ms) with
isospin symmetrymu5md[m̂. The parametersZ0 ,Z1 , and
f m /dm can be determined by the baryon masses and
pion-nucleon sigma term term and, therefore, we have
new free parameters. Here, we haveZ050.528, Z151.56,
and f m /dm520.31 with ms /m̂526, which are determined
in the chiral perturbation theory for meson masses. The te
in Eq. ~5! areO(p2), based on the Gell-Mann-Oakes-Renn
relation @13#, which implies mq}mp

2 . There are other
chirally symmetric termsO(p2). Here, we do not take into
account these terms, since we concentrate on the effec
the flavor SU~3! breaking.

Let us show the numerical results of theK̄N-induced scat-
terings. We use a single subtraction constanta and compare
the results with and without the SU~3! breaking terms. In
each case, the subtraction constant is determined by fi
threshold branching ratios@14,15#

g5
G~K2p→p1S2!

G~K2p→p2S1!
;2.3660.04, ~4!

Rc5
G~K2p→charged particles!

G~K2p→all!
;0.66460.011, ~5!

Rn5
G~K2p→p0L!

G~K2p→neutral particles!
;0.18960.015. ~6!

Without the symmetry breaking terms, we find the optim
valuea521.96 ~A!. Now including the symmetry breakin
term, the optimal value takesa521.59 ~B!. The calculated
threshold values are presented in Table II. From the table
see that the agreement with data is improved by includ
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the symmetry breaking effect. Note that this improvemen
achieved without new free parameters.

Using these optimal values, we calculate the cross s
tions of K2p→ ~various channels! and plot them in Fig. 1.
Results of~A! are shown by dotted lines and those of~B! by
dash-dotted lines. For~A!, the agreement with data is sti
good, which is the well known result of the chiral unita
model @1,3,8#. Originally, the subtraction constants in theS
521 channel are not very much dependent on the chan

TABLE II. Threshold branching ratios calculated by usinga5
21.96 without the SU~3! breaking interaction~A!, a521.59 with
the SU~3! breaking interaction~B!, anda521.68 with the SU~3!
breaking interaction and the physicalf ~C!. Experimental values are
take from Refs.@14,15#.

g Rc Rn

Experiment 2.3660.04 0.66460.011 0.18960.015
~A! 1.80 0.624 0.225
~B! 2.19 0.623 0.179
~C! 2.35 0.626 0.172
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FIG. 1. Total cross sections ofK2p scatterings (S521) as
functions ofPlab, the three-momentum of initialK2 in the labora-
tory frame. Dotted lines show the results witha521.96 without
SU~3! breaking~A!, dash-dotted lines show the results including t
SU~3! breaking witha521.59~B!, and solid lines show the result
including the SU~3! breaking and the physicalf with a521.68~C!.
Open circles with error bars are experimental data taken from R
@16–24#.
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and take values aroundai;22 as shown in Table I. Now
including the symmetry breaking terms~B!, we find that
agreement with data becomes worse~dash-dotted lines!, con-
trary to our expectation, although the threshold branch
ratios are better reproduced.

In Fig. 2, we show thepS mass distribution in order to
investigate theL(1405) resonance. For~A! we obtained the
dotted curve which agrees well with experimental data. If
include the symmetry breaking terms~B!, once again the
agreement becomes worse as shown by dash-dotted lin
sharp peak is pronounced aroundAs51420 MeV, in obvi-
ous contradiction with the observed spectrum.

We also perform calculations with the inclusion of a
other source of the SU~3! flavor breaking, that is, the meso
decay constants. We use the empirical values of the de
constants:f p593MeV, f K51.22f p , and f h51.3f p . The
optimal value of the subtraction constanta in this case isa
521.68 ~C! to reproduce the threshold ratios. The resu
are shown in Figs. 1 and 2 with the solid lines. While t
inclusion of the SU~3! breaking on the meson decay co
stants does not make a drastic improvement in the total c
sections of theK2p scatterings as shown in Fig. 1, the sha
of the peak in thepS mass distribution becomes milde
However, the improvement is not enough to reproduce
experimental spectra.

We perform similar analyses for thepN scattering for the
S50 channel. At first, we use the common subtraction c
stanta521.96 obtained in theS521 channel without the
symmetry breaking, since it reproduces theL(1405) prop-
erty well and we want to check the SU~3! flavor symmetry.
Then, the attractive force between the mesons and baryo
so strong that an unexpected resonance has been genera
aroundAs.1250 MeV. Therefore, we choose the values
a for S50 by fitting theS11 scattering amplitudes of thepN
channel up to the energyAs;1400 MeV. We show the cal
culated scattering amplitudes of theS11 pN channel in Fig. 3
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FIG. 2. Mass distributions of thepS channel withI 50. Dotted
line shows the result witha521.96 ~A!, dash-dotted line shows
the result including the SU~3! breaking witha521.59 ~B!, and
solid line shows the result including the SU~3! breaking and the
physical f with a521.68 ~C!. Histogram are experimental dat
taken from Ref.@25#.
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for the following three cases:~A! a50.53 without SU~3!
breaking,~B! a51.33 with SU~3! symmetry breaking, and
~C! a52.24 with physical meson decay constants. In all
cases, the scattering amplitudes and cross sections~we do not
show the cross sections here! are not well reproduced. The
result of ~A! seems to have some structure around
N(1535) energies, but it is far from the observed amplitu
A reasonable agreement with data is achieved only w
channel dependent subtraction constants are introduce
shown in Table I@6#.

In this work, motivated by the channel dependence of
parameters and symmetry consideration, we have tried
reproduce the observed cross sections and the reson
properties using a single subtraction constant. In theS5
21 channel, without the symmetry breaking terms,a5
21.96 is determined by the threshold branching ratios of
K2p scatterings. With this parameter~A!, the total cross sec
tions of theK2p scatterings are reproduced well as well
the mass distribution forL(1405) ~see Figs. 1 and 2!. This
value is close toa;22 and corresponds toL5630 MeV in
the three-momentum cutoff reguralization@8#. The elemen-
tary interaction of theK̄N system is sufficiently attractive
and a resummation of the coupled channel interactions g
erates theL(1405) resonance at the correct position, by i
posing the unitarity condition with the natural value for th
cutoff parameter. Hence, the wave function ofL(1405) is
largely dominated by theK̄N component.

On the other hand, in theS50 channel, if one uses th
natural value for the subtraction constant as in theS521
channel, the attraction of the meson-baryon interaction
comes so strong that an unexpected resonance is genera
aroundAs.1250 MeV. Therefore, a repulsive component
necessary to reproduce the observedpN scattering. How-
ever, with the fitted valuea;0.5, theN(1535) resonance is
not generated.

From the above observation, we see that the unitari
amplitudes are very sensitive to the attractive componen
the interaction. Even including the SU~3! breaking terms, the
interaction derived from the chiral Lagrangian alone does
describe all scattering amplitudes simultaneously. Both
fundamental interaction and the subtraction constants are
portant in order to reproduce proper results. For smallea,
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FIG. 3. Real and imaginary parts of theS11 T-matrix amplitudes
of pN→pN. Dotted lines show the results witha50.53~A!, dash-
dotted lines show the results including the SU~3! breaking interac-
tion with a51.33~B!, and solid lines show the results including th
SU~3! breaking and the physicalf with a52.24 ~C!. Open circles
with error bars are experimental data taken from Ref.@26#.
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the interaction becomes more attractive and for largera, less
attractive. ForS50, we need to choosea;0.5 in order to
suppress the attraction from thepN interaction in contrast to
the natural valuea;22 in theS521 channel. Therefore, i
is not possible to reproduce both theL(1405) resonance
properties and the low energypN scattering with a common
subtraction constant.

At this point, it is useful to discuss slightly in detail th
structure of theL(1405) resonance. Although the properti
of L(1405) have not been reproduced well with the SU~3!
breaking terms as shown in thepS mass distribution~Fig.
2!, we have still found two poles forL(1405) in the scatter-
ing amplitudes in the second Riemann sheet. The propert
the two poles are investigated recently in detail and is rela
to the SU~3! structure of the meson and baryon sta
@8,11,27,28#. In the present study, we findz1(B)51424
11.6i and z2(B)513891135i for the parameter~B!. The
pole z1 , which is located very close to the real axis, is r
sponsible for the sharp peak. When the SU~3! breaking of the
meson decay constants is introduced~C!, the poles are
z1(C)5142412.6i andz2(C)51363187i , wherez1 is still
close to the real axis, whilez2 moves significantly.

The shape of thepS mass distribution is strongly influ
enced by the location of the poles. In this case, the polez2 is
sensitive to the pion decay constant. Since the resonanc
z2(B) has a strong coupling to thepS channel@11#, the
resonance properties are very much affected by thepS in-
teraction. In the chiral Lagrangian, the interaction is attr
tive as in the Weinberg-Tomozawa term, which contain
11

er

in
,

01820
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coupling strength proportional to the inverse square of
pion decay constant. Therefore, by changing the decay c
stant from the SU~3! averaged value~107 MeV, case B! to
the physical value~93 MeV, case C!, the strength of the
attractivepS interaction is enhanced by;30%. This shifts
the real part ofz2 to the lower side. At the same time th
reduces the phase space and hence the imaginary par
creases.

To summarize, we have studied the flavor SU~3! symme-
try breaking effect in the meson-baryon scatterings in
chiral unitary model. A reasonable method from the symm
try consideration by including the symmetry breaking ma
terms, which appear in the next-to-leading order of the ch
expansion, makes theoretical predictions worse. So far,
cept for the use of channel dependent subtraction consta
we are not aware of what would resolve this problem. In
present framework, the role of the subtraction constant
very important.

A better understanding may be provided by introduci
genuine resonance components. Very naively, such st
could be quark originated as expected from the success o
quark model for baryon resonances. Full coupled chan
studies of meson-baryon and quark degrees of freed
would be useful in order to resolve the problem discussed
the present study. Such an analysis will provide more mic
scopic understanding for the resonance structure.
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