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 Introduction: the Σ*(1430)(𝟏𝟏/𝟐𝟐−) state
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 The Σ∗ states with 𝐽𝐽𝑃𝑃 = 1/2− are a benchmark for hadron spectroscopy, requiring
large meson-baryon components on top of the conventional 𝑞𝑞𝑞𝑞𝑞𝑞 seed.

A recent review on the Σ∗(1/2−) state:

 A Σ∗ 1/2− state near the �𝐾𝐾𝑁𝑁 threshold (𝑀𝑀 ∼ 1430 MeV) was predicted:

 Proposals to search for the predicted Σ*(1430)(𝟏𝟏/𝟐𝟐−) state:
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two-poles structure of Λ(1405) was found.
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 A signal of the Σ*(1430) state was recently observed by Belle Collaboration in Λ𝑐𝑐+ →

Λ𝜋𝜋+𝜋𝜋−𝜋𝜋− : Y. Ma et al. [Belle], Phys. Rev. Lett. 130, 151903 (2023)
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Mass：

Our aim: to understand further the nature of the Σ*(1430) state and its properties. 



 Chiral unitary approach: �𝑲𝑲𝑵𝑵 interaction in coupled channels,  
the Σ*(1430)(𝟏𝟏/𝟐𝟐−) state
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Coupled channels : (𝐼𝐼3 = 1, without the Coulomb 
interaction)

The transition potentials of the coupled channels can be derived from the leading-order 
chiral Lagrangian:



The scattering matrix T follows the Bethe-Salpeter equation in coupled channels,

where G is a diagonal matrix with its elements Gi being the meson-baryon loop function 
regularized with a cutoff,
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G function in the 2nd Riemann sheet:

with

A pole of T matrix:

(with 𝑞𝑞max=630 MeV )
Oset, Ramos, NPA 635 (1998) 99.

corresponding to Σ*(1430)(𝟏𝟏/𝟐𝟐−) state.  

a dynamically generated state from 
interactions in S-wave.

7



 Unravel the nature of the Σ*(1430)(𝟏𝟏/𝟐𝟐−) from correlation 
functions
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 Femtoscopic correlation functions (CFs):

Source function

wave function of the hadron pair

( in Gaussian with radius R)

CFs emerge a relevant experimental tool, showing the potential to provide information
on the interaction of hadrons, scattering parameters, and the nature of hadronic
resonances.



 CFs for coupled channels related to the Σ*(1430)(𝟏𝟏/𝟐𝟐−) state

Coupled channels : (𝐼𝐼3 = 1, without the Coulomb 
interaction)

𝑗𝑗0: the zeroth order spherical Bessel 
function;

𝑇𝑇𝑖𝑖𝑖𝑖(𝐸𝐸) : the two-body scattering 
amplitudes.
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Correlation functions (using the chiral unitary approach above, with cutoff 𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 =630MeV)

For inverse problem: to generate 
pseudo data, assuming ±0.02 
error. 

The observed cusps correspond
to the opening ofs ome channels.
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 Inverse problem: to see which information we can get from the correlation functions

Theoretial
model 

• Coupled channel 
approach

Interaction 
information

• Bound state

Correlation 
functions

• With bound 
state 
information

minimal model 
dependent 

• most general 
form 

Interaction 
information

• Bound state

Correlation 
functions

• With bound 
state 
information

direct problem inverse problem 

(if we can get evidence of the existence of this Σ*(1430)(1/2−) state from CFs?) 
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1) Use bootstrap or 
resampling method 
to generate pseudo 
data of CFs, assuming 
±0.02 error. (~50 sets,)

 How to do the inverse problem:

Generating random centroids of the data
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Under the isospin constrain

 Minimal model-dependent approach: 

11 parameters + 𝑞𝑞max + 𝑅𝑅, in total 13 parameters. 13

2) Assume an energy dependence interaction potential 

(A general interaction)

(being practically constant, at the energy around 1430 MeV.)



 Results for inverse problem:
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We carry fits to the pseudo data of CFs (~50 sets) with a minimal model-dependent approach. 

Each fit a set of parameters 𝑇𝑇𝑖𝑖𝑖𝑖 amplitudes and pole 

Average and dispersion of the fitted parameters:

Average and dispersion of the fitted parameters, 𝑻𝑻𝒊𝒊𝒊𝒊 amplitudes and pole
position.  



Comparison of the fit result with the one of the chiral unitary approach taking 
𝒒𝒒𝒎𝒎𝒎𝒎𝒎𝒎 =630 MeV:

Pole position: 
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A clear cusp-like structure 
corresponding to the Σ*(1430)(1/2−) 
state in the different amplitudes at the 
KbarN threshold, 
with an apparent width of 30–50 MeV.

We can obtain the pole position from the 
correlation functions, with an uncertainty 
of about 10 MeV in the position and 
around 40 MeV in the width, with the 
assumed uncertainty in the correlation 
functions.



 Σ*(1430)(𝟏𝟏/𝟐𝟐−) production in 𝚲𝚲𝒄𝒄 → 𝚲𝚲𝝅𝝅+𝝅𝝅+𝝅𝝅− reaction
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TS occurs when all three intermediate particles 
are simultaneously on-shell, leading to a sharp 
peak at 𝑀𝑀𝜋𝜋+Λ ∼ 1434 MeV.



Decay amplitude: 
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One can obtain the properties of the Belle 
peak and its strength.

𝜋𝜋+Λ invariant mass distribution and 𝜋𝜋−Σ*(1430) invariant mass distribution: 



A clear bump appears around 1875 MeV,
interpreted as aconsequence of atriangle
singularity.

Invariant mass distribution of the π− Σ ∗(1430)
(Σ ∗(1430) → 𝜋𝜋+Λ  ) system in the decay Λc → 
π+π+π−Λ. 
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Branching ratio estimation: 

We estimate the branching ratio for the decay Λ𝑐𝑐+ → 𝜋𝜋+𝜋𝜋−Σ∗ 1430 (
)

Σ∗ 1430 →
𝜋𝜋+Λ by integrating the invariant mass distributions shown in Fig. 6 between 1375 MeV 
and 1500 MeV. By considering the Λ𝑐𝑐+ width of 3.25 × 10−9 MeV,

The obtained result provides auseful prediction that can be tested in future experiments 
at facilities such as BESIII, Belle II, or LHCb.
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 Summary
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• Σ∗ 1430 1/2− is a dynamically generated state from �𝐾𝐾𝑁𝑁 interaction in chiral unitary 
approach;

• Correlation functions for the related coupled channels encode clear information about the 
Σ∗ 1430 1/2− state;

• Inverse problem of correlation functions (resampling) can extract scattering parameters, 
pole position for Σ∗ 1430 1/2− state;

• Production of Σ∗ 1430 1/2− state in Λ𝑐𝑐+ → 𝛬𝛬𝜋𝜋+𝜋𝜋+𝜋𝜋− decay is enhanced by triangle 
singularity;

• Predictions: Branching ratio ∼ 3.5 × 10−4

Bump at ∼ 1875 MeV in 𝜋𝜋−Σ∗ 1430

• The nature of the Σ∗ 1430 can be further tested by measuring the correlation functions 
and the Br of Λ𝑐𝑐+ → 𝛬𝛬𝜋𝜋+𝜋𝜋+𝜋𝜋− decay.



Thank you for your attention!
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