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Recently we presented a successful strategy to extract the position of the two Λ(1405) poles from
experimental photoproduction data on the γp → K+π0Σ0 reaction at Jefferson Lab. Following a
similar strategy, we extend the previous method to incorporate also the isospin 1 component which
allows us to consider in addition the experimental data on γp → K+π±Σ∓. The idea is based on
considering a production mechanism as model independent as possible and implementing the final
state interaction of the final meson-baryon pair based on small modifications of the unitary chiral
perturbation theory amplitudes. Good fits to the data are obtained with this procedure, by means of
which we can also predict the cross sections for the K−p → K̄N , πΣ, πΛ reactions for the different
charge channels. Besides the two poles found for the Λ(1405) resonance, we discuss the possible
existence of an isospin 1 resonance in the vicinity of the K̄N threshold.

I. INTRODUCTION

In a recent paper [1] we analyzed the CLAS data for
photoproduction of the Λ(1045) [2] in the reaction γp →
K+π0Σ0, which filters I=0 for the π0Σ0 state, where clear
peaks where seen related to the Λ(1045) excitation. The
aim was to determine the mass and width of the two
Λ(1405) states, predicted by all the latest works based
on chiral dynamics. While the nature of the Λ(1045) as
generated from the interaction of meson baryon channels
with strangeness S=-1 has been long accepted [3–5], the
use of chiral dynamics and unitary schemes brought new
light into this issue [6–22], and the Λ(1045) appears in all
these works by using chiral Lagrangians and adjusting a
minimum amount of parameters to reproduce K̄N data.
Hints of the existence of two, rather than one states were
found in [9, 23] and a thorough study of the existence
of two poles was conducted in [13]. Since then, all the
new works on chiral dynamics obtain two poles and this
has come as a broadly accepted fact, even reflected in the
PDG [24].

All works on chiral dynamics fit K̄N data to determine
the few free parameters of the theory and then determine
the position of the poles. Some also consider data on
Λ(1405) production, like [17]. The omission of Λ(1405)
production data in most works was justified because of
the nontrivial dynamics of the reaction process, although
work in this direction has been done [7, 25–29]. However,
the novelty of [1] was to show that the Λ(1405) photopro-
duction data by themselves had the capacity to provide
the pole positions of the two Λ(1405) states which were
found around 1385-68i MeV and 1419-22i MeV. The anal-
ysis of these data also allowed to predict the cross section
for the K−p → π0Σ0 reaction in good agreement with
data, without using the data of that reaction in the fit.
While in all known reactions the two poles do not revert
into two peaks, but only in different shapes [2, 30–39],
the new data on electroproduction [40], with two visible
peaks around 1368 MeV and 1423 MeV, have been an
unexpected surprise. The lower pole is also broader than

the higher one, as extracted from the photoproduction
data in [1].

In the present paper we shall follow the strategy of
[1] and use only the photoproduction data of the γp →
K+π±Σ∓ reactions measured in [2] in order to extract
the isospin I=1 amplitude in addition to the I=0 one
extracted in [1] from the γp → K+π0Σ0 data alone.
This will allow us to shed light on the possible I=1 state
around the K̄N threshold which has been often advo-
cate. Indeed, in [9] hints of the existence of such state
were discussed. The state became fuzzy in the analy-
sis of [13], showing up with sets of parameters with small
SU(3) breaking, and reverting into a cusp with full SU(3)
breaking. Some experimental support for such state has
also been provided in [41, 42]. On the other hand, once
again we will show that the data on photoproduction con-
tain by themselves enough information to provide both
the I=0 and I=1 amplitudes, by means of which, and
without fitting the data, good results are obtained for
the K̄N scattering amplitudes. The analysis conducted
here will shows that, while no clear pole is found in the
second Riemann sheet for the I=1 state (while a pole is
found in another unphysical Riemann sheet), the ampli-
tude in this channel is strong enough and has obvious
repercussion in the photoproduction data, producing a
clear split of the γp → K+π±Σ∓ cross sections. Whether
there is pole or not, the I=1 amplitude shows a clear en-
hancement close to the K̄N threshold and is visible as
a pronounced cusp as a consequence of a strong attrac-
tion, in the border line of creating a quasibound bound
K̄N state. We show that the situation is very similar to
the one of the a0(980) resonance, which is accepted as
a resonance. The fact remains that whether one decides
to call it or not a resonance, the resonant like structure
in the real axis has important repercussion in the pho-
toproduction amplitudes and similarly can have relevant
effects in many other observables.

http://arxiv.org/abs/1307.5752v2
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II. UNITARIZED MESON-BARYON

AMPLITUDE

The main ingredient of our analysis are the meson
baryon amplitudes from the chiral unitary approach.
There are many references where the details for the con-
struction of the meson-baryon unitarized amplitude can
be found, (see for instance refs. [8, 9, 11, 43]). It was also
summarized in ref. [1] for the I = 0 case. We next review
it for the sake of completeness and including in addition
the evaluation of the I = 1 channel.

The lowest order chiral Lagrangian for the interaction
of the octet of Goldstone bosons with the octet of the low
lying 1/2+ baryons [44] provides the following tree level
transition amplitudes in s-wave [11]:

V I
ij(

√
s) = −CI

ij

1

4f2
(2

√
s − Mi − Mj)

×
(

Mi + Ei

2Mi

)1/2 (

Mj + Ej

2Mj

)1/2

, (1)

where the superscript I stands for the isospin,
√

s the
center of mass energy, f the averaged meson decay con-
stant f = 1.123fπ [11] with fπ = 92.4 MeV, Ei (Mi) the
energies (masses) of the baryons of the i-th channel. The
C0

ij coefficients, for isospin I = 0, are given by

C0
ij =





3 −
√

3
2

−
√

3
2

4



 . (2)

The i and j subscripts represent the channels K̄N and
πΣ in isospin-basis. Note that we do not consider the
other possible channels in I = 0, ηΛ and KΞ, for the
sake of simplicity of the approach and because for the
energies that we will consider in this work the effect of
those channels can be effectively reabsorbed in the sub-
traction constants. The coefficients for isospin I = 1 are

C1
ij =









3 −1 −
√

3
2

−1 2 0

−
√

3
2

0 0









. (3)

where the order of the channels are K̄N , πΣ and πΛ. We
also neglect here the ηΣ and KΞ states into the coupled
channels equations since their thresholds are also very far
from the energy region of interest in the present work.

The chiral unitary approach is based on the implemen-
tation of unitarity of the scattering amplitude in coupled
channels and the exploitation of its analytic properties.
This is usually accomplished by means of the Inverse Am-
plitude Method [45, 46] or the N/D method [9, 47, 48]. In
this latter work the equivalence with the Bethe-Salpeter
equation used in [49] was established. Based on the N/D
method, the coupled-channel scattering amplitude Tij is
given by the matrix equation

T = [1 − V G]−1V, (4)

where Vij is the interaction kernel of Eq. (1) and the func-
tion Gi, or unitary bubble, is given by the dispersion inte-
gral of the two-body phase space ρi(s) = 2Miqi/(8πW ),
in a diagonal matrix form, with Mi the mass of the
baryon of the meson baryon loop, qi the on shell mo-
mentum of the particles of the loop and W the center of
mass energy.

This Gi function is equivalent to the meson-baryon
loop function

Gi = i

∫

d4q

(2π)4

Mi

Ei(~q )

× 1

k0 + p0 − q0 − Ei(~q ) + iǫ

1

q2 − m2
i + iǫ

. (5)

This integral is logarithmically divergent, and therefore
it must be regularized, which is usually carried out ei-
ther with a three momentum cutoff or with dimensional
regularization in terms of a subtraction constant ai. The
connection and equivalence between both methods was
shown in Refs. [9, 46]. In ref. [11, 13] the values
aKN = −1.84, aπΣ = −2 where used for the I = 0 chan-
nels. In the present case, since we do not consider the ηΛ
and KΞ channels, these subtraction constants may differ
slightly but we will allow to vary these constants in the
fit below. For the I = 1 channels, in ref.[50] the same
value for aKN , aπΣ as in the I = 0 case was used and
aπΛ = −1.83 for the new channel in the I = 1.

The amplitudes TK̄N→πΣ and TπΣ→πΣ for I = 0 are
depicted in fig. 1. They produce two poles in the second
Riemann sheet of the complex energy plane at the posi-
tions

√
s0 = 1387 − 67i MeV, and 1437 − 13i MeV. Note

that the poles come dynamically from the non-linear dy-
namics involved in the implementation of unitarity in the
meson-baryon scattering amplitude, without the need to
include the poles as explicit degrees of freedom. This is
what is usually called dynamically generated resonance or
meson-baryon molecule. It is worth mentioning that the
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FIG. 1. (Color online) Modulus squared of the I = 0 meson-
baryon unitarized amplitudes T I=0

K̄N,πΣ
(solid line) and T I=0

πΣ,πΣ

(dashed line).

unitarized amplitudes provide the actual meson-baryon



3

scattering amplitudes, not only the poles of the resonance
in the complex plane. Indeed the resonant shapes of the
amplitudes around the 1400 MeV region are far from
looking like Breit-Wigner shapes. Therefore fits to ex-
perimental data assuming Breit-Wigner resonant shapes
are not suitable for this resonance and a model like the
present one, in the line of implementing unitarity in cou-
pled channels, is called for in order to reproduce or fit
experimental data where these amplitudes are relevant.
In fig. 2 we show the amplitudes TK̄N→πΣ, TπΣ→πΣ and
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FIG. 2. (Color online) Modulus squared of the I = 1 meson-
baryon unitarized amplitudes T I=1

πΣ,πΣ (solid line), T I=1

K̄N,πΣ

(dashed line) and T I=1
πΛ,πΣ (dashed-dotted line) .

TπΣ→πΛ in I = 1. In this case there is no pole asso-
ciated to the visible increase of strength appreciable at
threshold in the amplitudes. We will elaborate further
on this issue later on and we will discuss on the possi-
ble connexion to an actual I = 1 resonance in the next
section.

III. FIT TO PHOTOPRODUCTION DATA

In our previous work [1] we only considered the γp →
K+π0Σ0 data of [2] since this particular reaction filters
the I = 0 and therefore these were the only data used in
[1]. However, in the present work we are also interested
in the I = 1 channel in order to try to make conclusions
from a possible resonance in I = 1. If one looks at the
isospin decomposition of the final πΣ states,

|π0Σ0〉 =

√

2

3
|2 0〉 − 1√

3
|0 0〉,

|π+Σ−〉 = − 1√
6

|2 0〉 − 1√
2

|1 0〉 − 1√
3

|0 0〉,

|π−Σ+〉 = − 1√
6

|2 0〉 +
1√
2

|1 0〉 − 1√
3

|0 0〉, (6)

it is clear then that one must also include the γp →
K+π+Σ−, γp → K+π−Σ+ in the analysis.1

The main observable measured for this reaction is the
πΣ invariant mass distribution for the different allowed
charge combinations (see fig. 4 below).
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+ . . .
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FIG. 3. General mechanisms for the photoproduction ampli-
tudes

Since the Λ(1405) is dynamically generated from the fi-
nal state interaction of the meson-baryon pair produced,
and we also seek for a possible generated resonance from
the meson-baryon scattering in I = 1, the most general
mechanisms for the photoproduction reaction are those
depicted in fig. 3. The photoproduction can proceed by
the production of either a πΣ or K̄N pair for I = 0 and
I = 1 and also by πΛ for the I = 1 case. This initial
production is represented by the thick circle in fig. 3.
The initial meson-baryon pair then rescatters to produce
the final πΣ, accounted for by the unitarized scattering
amplitude explained in the previous section. Note that
a possible contact mechanism of direct πΣ production
would contribute to the background and we do not con-
sider it since a proper background subtraction has been
done in the experimental analysis.

Based on fig. 3 it is immediate to realize that the am-
plitudes for the photoproduction process can be generally
written as

tγp→K+π0Σ0 (W ) = b0(W )GI=0
πΣ T I=0

πΣ,πΣ

+ c0(W )GI=0
K̄N

T I=0
K̄N,πΣ

,

tγp→K+π±Σ∓ (W ) = b0(W )GI=0
πΣ T I=0

πΣ,πΣ

+ c0(W )GI=0
K̄N T I=0

K̄N,πΣ

±
√

3

2

(

b1(W )GI=1
πΣ T I=1

πΣ,πΣ

+ c1(W )GI=1
K̄N

T I=1
K̄N,πΣ

+ d1(W )GI=1
πΛ T I=1

πΛ,πΣ

)

(7)

with W the energy of the γp interaction. The subindex
in the b, c and d coefficients stand for the isospin. Note

1 We neglect the isospin I = 2 since it is very small and non-
resonant in the energy region of interest in the present work.
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that the only difference between the γp → K+π+Σ− and
the γp → K+π−Σ+ amplitudes is the sign of the I = 1
contributions. The coefficients b, c and d may in general
depend on W and hence we consider 9 sets of them in
order to account for the 9 different energies W provided
by the experimental result of CLAS [2]. On the other
hand the relative weight between the different GT ad-
dends may be complex in general, therefore we allow the
b1, c0, c1 and d1 to be complex and keep b0 real since a
global phase in the total amplitude is irrelevant. We will
refer the b, c and d coefficients by initial production (IP)
parameters in the following.

Note that, as in ref. [1], we try to keep the analy-
sis as model independent as possible in order to ease
its implementation by experimentalist groups. Therefore
we intentionally avoid proposing any model for the ini-
tial photoproduction mechanisms (filled circle in Fig. 3)
which are effectively encoded in the IP parameters. In
the actual reaction they would contain a rich dynamics
that could count for some contribution from N∗ reso-
nances, crossed diagrams, t-channel processes, etc., pro-
jected over s-wave. Since we take the coefficients energy
dependent, b(W ), c(W ), d(W ) the fit to the data can
accommodate this dynamics without explicitly taking it
into account.

Since we are fitting 9 different energies, we have in
total 81 IP parameters. We are aware that this figure
may look large but none of these coefficients affect the
meson-baryon scattering amplitude where the resonant
dynamics actually stems from. One has to view the fit
from the perspective that the data for one energy will
provide the small subset of IP parameters for that par-
ticular energy. Only the parameters of the potential, that
we will consider and explain later in this paper, affect all
the data. This situation is similar to the fit conducted
to pionic atoms to extract neutron radii in [51]. In that
problem there were 19 parameters for 19 neutron radii
and 6 parameters for the potential. Again, each of these
19 parameters affected only the data on shifts and widths
of a single pionic atom and the 6 parameters of the po-
tential affected all the data. The fits worked without
problems and the set of neutron radii obtained is con-
sidered nowadays the most valuable experimental source
of neutron radii, together with the information obtained
from antiprotonic atoms in [52].

We first fit the IP parameters to the photoproduc-
tion πΣ invariant mass distribution data using for the
unitarized amplitudes the expression and parameters ex-
plained in the previous section. Note that in this first
step only the photoproduction vertex is allowed to vary
and the chiral unitary approach amplitudes are fixed.

In the evaluation of the theoretical invariant mass dis-
tribution the three body phase space has been averaged
within the experimental W bin, [W −0.05, W +0.05] GeV,
for every W . We perform the fit in the range MπΣ ∈
[1350, 1475] MeV. The result of this fit is shown in Fig. 4.
One can see that the fit is visually fair for most of the
energies, which means that the actual meson-baryon am-

plitudes must not be much far from those predicted by
the chiral unitary approach. However a better χ2/dof
that the one obtained in this fit (χ2/dof = 4.6) would be
desirable.

It is worth stressing again that what we actually want
in the present work is not to calculate what the chiral
unitary approach predicts for the poles of the Λ(1405)
or a possible I = 1 resonance, but to extract them from
the experimental photoproduction data. Therefore we
can try to get results with better χ2/dof by allowing the
basic chiral unitary model to vary slightly. In this way we
could obtain a fine tuning of the chiral unitary model and
then of the position of the Λ(1405) poles and try to see
if some I = 1 resonance shows up. In order to do this we
multiply each coefficient of the potentials of the unitary
amplitudes, Eqs. (2) and (3), by one real parameter αi

and hence the new coefficient matrices that we consider
now are given by

C0
ij =





3α0
11 −

√

3
2
α0

12

−
√

3
2
α0

12 4α0
22



 (8)

for isospin I = 0 and

C1
ij =









3α1
11 −α1

12 −
√

3
2
α1

13

−α1
12 2α1

22 0

−
√

3
2
α1

13 0 0









(9)

for isospin I = 1.
Furthermore we also allow to vary the subtraction

constants from the regularization of the loop functions
by multiplying each of them by a free parameter, βi:
aKN → β1aKN , aπΣ → β2aπΣ and aπΛ → β3aπΛ. We
will refer to the α and β parameters by potential param-
eters in the following (even though the β coefficients do
not affect the potential, but we do this just to ease the
nomenclature). Therefore, the chiral unitary amplitudes
depend on 10 free parameters to be fitted, αi, βi, but only
5 of them affect the I = 0 amplitude and 7 the I = 1.
With the potential obtained from the fit we shall search
for the positions of the two Λ(1405) poles and look for a
possible I = 1 resonance in the range of energy consid-
ered.

If at this point we carry on a global fit allowing for
all the parameters to be free from the beginning in the
fitting algorithm, there are many local minima of the χ2

function, most of them having clearly unphysical values
of the parameters. Therefore it is very difficult to get and
identify an absolute minimum. Actually many minima
have χ2 very similar but with very different values of
the parameters, which spoils the statistical significance
of the fit and the possible physical conclusions. In order
to get physically meaningful results, we implement the
following strategy in the line of the one used in ref. [1]:
As mentioned above, the previous fit of fig. 4, i.e. fixing
the potential parameters to 1, is already reasonably fair,
and the potential is consistent with data of scattering [8],
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FIG. 4. (Color online) Fit to photoproduction data with fix unitary amplitudes, αi = 1, βi = 1. Red: π0Σ0; blue: π−Σ+,
green: π+Σ−. Experimental data from ref. [2].
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hence a good physical global fit should not be very far
from having values of αi ∼ 1, βi ∼ 1. Therefore, in a first
step, we start from the fit of fig. 4, which was obtained
fixing the potential parameters to 1 (αi = 1, βi = 1),
but fixing now the IP parameters and allowing only the
potential parameters to change. In a next step, we fix the
new potential parameters obtained in the previous step
and fit again the IP parameters. We iterate the process
alternating between fitting the IP or fitting the potential
parameters until we get a convergence of the value of the
χ2. In this way we obtain a minimum of the χ2 with
potential parameters not very different from 1 which are
then physically meaningful.

After this iterative procedure we get the result shown
in fig. 5, which has χ2/dof = 2.1. The bands account
for the uncertainties of the fit at one standard deviation
confidence level. The potential parameters obtained are
shown in table I.

TABLE I. Parameters of the unitarized amplitudes

α0
11 α0

12 α0
22 α1

11 α1
12 α1

13 α1
22 β1 β2 β3

1.037 1.466 1.668 0.85 0.93 1.056 0.77 1.187 0.722 1.119

It is important to note that the parameters obtained
are not very different from one. This means that allowing
for just a small variation in the parameters of the chiral
unitary approach the photoproduction data can be nicely
reproduced.

In table II we show the results obtained for the pole
positions in the complex energy (

√
s) plane in unphysi-

cal Riemann sheets of the scattering amplitudes. In the

TABLE II. Pole positions (in MeV) in the complex energy
plane of the scattering amplitudes and modulus of the cou-
plings to the different channels.

I = 0 I = 1

poles 1352 − 48i 1419 − 29i −

|gK̄N | 2.71 3.06 −

|gπΣ| 2.96 1.96 −

table we also show the modulus of the couplings to the
different isospin meson-baryon channels obtained from
the residues of the unitarized meson-baryon scattering
amplitudes at the pole positions, since close to the pole
position the amplitude can be approximated by its Lau-
rent expansion where the dominant term is given by

Tij(
√

s) =
gi gj√

s − √
spole

, (10)

for an s-wave resonance, where the position of the pole
can be identified with the mass, MR, and width, ΓR, of

the resonance by
√

spole = MR − iΓR/2 for a pole not
very far from the real axis. Consequently the residue of
Tij at the pole position gives gigj , where gi is the effective
coupling of the dynamically generated resonance to the
i-th channel.

The poles have been looked for in the usual unphysical
Riemann sheet of the scattering amplitudes which is de-
fined in the following way: The analytic structure of the
scattering amplitude is determined by the loop function
Gi (Eq. 5). The Gi function in the second Riemann sheet
(RII) can be obtained from the one in the first sheet (RI)
by [53]

GII
i (

√
s) = GI

i (
√

s) + iMi
qi

2π
√

s
, (11)

with qi the center of mass meson or baryon momen-
tum with Im(qi) > 0. When looking for poles we
use GI

j (
√

s) for Re(
√

s) < mj + Mj and GII
j (

√
s) for

Re(
√

s) > mj + Mj . This prescription, which we will re-
fer to as usual unphysical Riemann sheet in the following,
gives the pole positions closer to those of the correspond-
ing Breit-Wigner forms on the real axis. In this way,
no pole is found for I = 1 but there is a pole located at
1522−14i MeV in another unphysical Riemann sheet de-
fined by going to RII for πΛ and πΣ channels but not for
K̄N despite being above the K̄N threshold (1435 MeV).
This pole in this different Riemann sheet does not pro-
duce a Breit-Wigner shape in the real axis in the phys-
ical sheet but makes the shape of the amplitude below
the K̄N threshold to follow the shape of the tail of that
pole but then decrease above threshold with a non reso-
nant shape. This means that, for the I = 1 amplitudes
considered here, even if there is not an explicit pole in
the usual unphysical Riemann sheet, an accumulation of
strength is present on the real axis in the physical sheet,
under the appearance of a cusp. In Figs. 6 and 7 we show
the I = 0 and I = 1 meson-baryon amplitudes with the
result of the fit. In Fig. 7, I = 1 case, one can see the
aforementioned increase of strength and cusp aspect at
the K̄N threshold which could be perceived as a reso-
nance in an actual experiment. In order to see that the
I = 1 amplitude still has to do with a resonant structure,
in spite the fact that it does not have a pole in the usual
Riemann sheet described above, let us do a mathematical
play consisting on varying by hand some of the potential
parameter:

Let us change by hand the α1
12 parameter, for exam-

ple, from 0.9 (close to the result of the fit) to 2.3. The
resulting T I=1

K̄N,πΣ
amplitude and the position of the poles

found in different sheets are shown in Figs. 8 and 9. All
the poles are found in Riemann sheets for which RI is
used for the loop of the K̄N channel. This means that
below K̄N threshold (poles represented by circles Fig. 9)
the Riemann sheet is the usual unphysical one described
above but that is not the case for poles whose real part is
located above threshold (poles represented by crosses).
We can see that the shape of the resonance gets dis-
torted in a continuous way as we change the parameter.
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FIG. 5. (Color online) solution from the fit procedure described in the text
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However for a short range of the values of the param-

1400 1420 1440 1460 1480 1500 1520 1540
Re √

_
 s

pole  
[MeV]

-80

-70

-60

-50

-40

-30

-20

-10

0

Im
 √

_  s
po

le
  [M

eV
]

0.9

2.3

_
KN threshold

FIG. 9. Evolution of the I = 1 pole position as a function of
the α1

12 coefficient.

eter considered, there is a pole in the usual unphysical
sheet which eventually disappears from that sheet, when
the real part crosses the K̄N threshold. The poles de-
picted above threshold are in the other unphysical sheet
described above. That means that, in spite the fact that
there is no pole in the usual unphysical sheet for the
particular value of the parameters obtained in the fit,
the amplitude is continuously connected with a situation
where there is a usual resonance pole and then some-
how the amplitude is aware and reflects the existence
of the pole for a nearby value of the parameter. This
is not a strange case since an analogous situation also
shows up for the a0(980) resonance in the pseudoscalar-
pseudoscalar scattering in the scalar isovector channel. In
that case there is a pole very close to the KK̄ threshold
and for small variations in the parameters of the poten-
tial the pole disappears from the usual unphysical sheet
and goes above threshold to the sheet where the loop
function for KK̄ is RI. In spite of this fact, everybody
considers the a0(980) as a resonance [46].

In order to make further checks that the fit obtained
is physically acceptable, we calculate now the cross sec-
tion for K−p → MB for the meson-baryon final channels
K−p, K0n, π+Σ−, π−Σ+, π0Σ0 and π0Λ. The results are
shown in Fig. 10 in comparison to experimental data [54].
Note that the results in Fig. 10 are genuine non-trivial
predictions since the fit is only done to the photoproduc-
tion data. The agreement of the K−p cross sections to
experimental data is remarkable.

Another experimental data usually considered in other
theoretical works [55–58] regarding the Λ(1405) reso-
nance are the energy shift and width of the kaonic hy-
drogen in the 1s state from the SIDDHARTA experiment
at DAFNE [59], which are reported to be ∆E − iΓ/2 =
(283 ± 42) − i(271 ± 55) eV. This value is related to the
K−p scattering length and therefore to the K−p → K−p
amplitude at threshold. (For explicit mathematical ex-
pressions see refs. [55–58]). With the values of the pa-
rameters in table I we obtain ∆E − iΓ/2 = (194 ± 4) −
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FIG. 10. Predicted K−p cross sections (in mb). Experimental
data from ref. [54].

i(301 ± 9) eV, which compares reasonably well to the ex-
perimental SIDDHARTA data.

On the other hand, in a different fit to the CLAS data
made by some members of that collaboration [60], two
different kind of fits were performed: one only to the
π0Σ0 data, to which only the I = 0 channel contributes
and one to all the photoproduction data. The amplitudes
in that fit are parametrized as (Eq.(5) of [60])

tI(m) = CI(W )ei∆φI BI(m), (12)

where CI(W ) is a weight factor, ∆φI a phase and BI(m)
a Breit-Wigner function. As one can see, the weight
is allowed to depend on the photon energy, W , but
not its phase. But even more restrictive is the fact
that the shapes of the resonances, BI(m), are Breit-
Wigner shapes and chosen independent of the photon
energy. This neglects the possibility that the amplitudes
γp → K+πΣ are superpositions of the amplitudes corre-
sponding to the different poles with relative weights that
depend on the photon energy. Furthermore, as seen in
the plots of the amplitudes throughout the present work,
the resonant amplitudes are far from being Breit-Wigner
like.

With the fit to only the I = 0 part introducing two
poles, the authors in [60] get for the mass and width of
the resonances (all in MeV) M = 1329, Γ = 20, for one

of the I = 0 resonances and M = 1390, Γ = 174 for
the other one. This has to be compared to the fit only
to I = 0 that we did in ref. [1]; M = 1368, Γ = 108,
and M = 1416, Γ = 48 2. The differences are due to
the reasons explained above and in ref. [1]. The other
fit performed in ref. [60] includes two Breit-Wigners for
I = 0 and one for I = 1 and they get M = 1338, Γ = 44,
for one of the I = 0 resonances and M = 1384, Γ = 76,
for the other one and M = 1357, Γ = 54, for the I = 1.
This fit should be compared to ours in the present paper,
(see table II). The difference in the results between our
fit and CLAS’ is understandable considering the caveats
explained above.

IV. SUMMARY

We have implemented an strategy to obtain informa-
tion on the I = 0 and I = 1 meson-baryon scattering
amplitudes from γp → K+πΣ experimental data. The
idea is based on leaving the photoproduction vertices as
model independent as possible, to ease the implemen-
tation by experimental groups, parametrizing them by
coefficients dependent on energy to be fitted to the pho-
toproduction data. The resonant structures come from
the meson-baryon final state interaction implemented by
amplitudes inspired by the chiral unitary approach but
slightly modified with free coefficients. These coefficients
and those of the linear combinations were fitted to the
data and a good solution is obtained. We provide the
position of the two Λ(1405) poles (predicted by the chi-
ral unitary approach) and we have discussed the possible
existence of an I = 1 resonance around the K̄N thresh-
old. In spite the fact that there is not a pole in the usual
unphysical Riemann sheet connected to the physical one,
we have discussed that there is a resonant structure in
I = 1 around to the K̄N threshold.

Once the solution of the fit is established, we have ob-
tained fair results for the cross sections of the K−p →
MB for the meson-baryon final channels K−p, K0n,
π+Σ−, π−Σ+, π0Σ0 and π0Λ and for experimental data
on kaonic hydrogen.

In the analysis carried out in the present work we
show that the information encoded in the photoproduc-
tion data is valuable to obtain the information on the
resonant content of the I = 0 and I = 1 channels in the
energy region considered.

Concerning the I=1 amplitude, we showed that the sit-
uation is very similar to the one of the a0(980) resonance,
which is accepted as a resonance. Whether one decides
to call or not a resonance the I = 1 pole that we find
in an unusual Riemann sheet, the resonant like structure

2 Note that there is a slight difference between these values and
those reported in ref. [1]. This is due to a change in some of the
CLAS experimental data from those reported in [34] to those in
[2].
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in the real axis has important repercussion in the pho-
toproduction amplitudes and we can expect it to have
important effects in many other observables. Since the
relevant information is the I=1 amplitude in the real axis,
the present work has provided values for this amplitude
which can be tested in the study of future reactions.
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