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Correlation functions for coupled 𝐾Λ interaction 

and 𝑁∗(1535) resonance
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+ → ഥ𝐾0𝜂𝑝 decay
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• Pole position

• Breit-Wigner parameterization 

𝑍𝑅 = [ 1500~1520 − 𝑖(40~65)] MeV
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N*(1535): a dynamically generated state 



6𝑁∗ 1535 𝑐𝑜𝑢𝑝𝑙𝑒𝑠 𝑠𝑡𝑟𝑜𝑛𝑔𝑙𝑦 𝑡𝑜 𝑡ℎ𝑒 Λ𝐾 𝑐ℎ𝑎𝑛𝑛𝑒𝑙.
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➢ The authors study the πN→ϕN reaction near the ϕN threshold using the chiral unitary approach. They 

combine the reaction amplitudes of πN→KΛ and πN→KΣ, and introduce the ϕ meson coupling to the kaon 

meson final states through loop contributions. 

➢ When the dominant πN→KΛ amplitude is constrained by experimental cross section data, their results agree 

well with the experimental measurements.
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➢ The significant coupling of the N∗(1535) resonance to the ϕN channel together with the earlier 

findings of large couplings of the N∗(1535) resonance to the KΛ and ηN channels gives a coherent 

picture that there is a large component of strangeness in the N∗(1535) resonance.

➢ It also gives a natural explanation for the significant enhancement of the ϕ production from πp 

and pp reactions over the naïve OZI rule predictions.



N*(1535): strongly couples to strangeness channels
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Configurations for 𝑁∗ 1535 𝐽𝑃 =
1

2

−
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Classic quark model：
3q excitation

New view：
Pentaquark excitation 

Larger 𝒖𝒅 [𝒖𝒔]ത𝒔 component in N*(1535) 

makes it  coupling strong to N & K.
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BUT:
Difficult to distinguish them.

Measure the direct two-hadron (components) interactions.



Correlation functions (experimental side)

𝑁𝐬𝐚𝐦𝐞:  the p distribution of pairs measured in the same event

𝑁𝐦𝐢𝐱𝐞𝐝: the reference distribution from mixed (different) events

𝑁: a normalization constant determined by the physical expectation that particles are uncorrelated at 

large relative momenta, which ensures 𝐶 𝑝 = 1.

Assumption: The emission process 

is initially uncorrelated.

Experimental measurement

(mixed-event technique)
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Definition:

Annu. Rev. Nucl. Part. Sci. 2005. 55:357–402



Scattering wave function: derived from Lippmann-Schwinger equation

Emitting source function: usually parametrized as a normalized Gaussian form

Only  S-wave 

S. E. Koonin, Phys. Lett. B 70 (1) (1977) 43 

A. Ohnishi, Nucl. Phys. A 954 (2016) 294

Koonin–Pratt (KP) formula

Correlation functions
(theoretical side)
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Correlation function
(coupled channels)
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The 𝑇𝑖𝑗 is the two-body scattering amplitude that can be calculated by the 

chiral unitary approach.



𝐾Λ interactions in coupled channels
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6 channels: 𝐾0Σ+, 𝐾+Σ0, 𝐾+Λ, 𝜋+𝑛, 𝜋0𝑝, 𝜂𝑝

Bethe-Salpeter equation:

R. Molina, C.W. Xiao, W.H. Liang and E. Oset, Phys. Rev. D 109, 054002 (2024).

Transition potential:

Loop function:

One can calculate the correlation functions.



16𝑊𝑖𝑡ℎ𝑜𝑢𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝜋+𝑛 𝑎𝑛𝑑 𝜋0𝑝 𝑐ℎ𝑎𝑛𝑛𝑒𝑙𝑠.



Correlation functions: experimental measurements
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Scattering amplitude

Inverse

The scattering length and the effective range:

1 − 𝑉𝐺 = 0

𝐏𝐨𝐥𝐞 𝐩𝐨𝐬𝐢𝐭𝐢𝐨𝐧: 𝑠𝑝𝑜𝑙𝑒 = 𝑀𝑅 − 𝑖
Γ𝑅
2

Coupling constants:
Partial decay widths:
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𝐾𝛬 correlation functions 

The measured correlations are fitted with 

a correlation function: 

𝑁𝐷: a normalization constant;

𝐶background: possible residual background;

𝐶model = 1 + σ𝑖 𝜆𝑖 × (𝐶𝑖 − 1): includes 

the genuine correlation (i=gen);

Each of different contributions is 

weighted by 𝜆𝑖 parameter, which can be 

evaluated from the experimental side.
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Example: λi parameter 

The 𝜆𝑖 parameter can be evaluated from the experimental side.



𝐾𝛬 correlation functions 𝐶𝐾+𝛬
(𝜋𝑁 channel)
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Fitting process

𝐶background: taken it as the experiment.

𝜆 =
𝜆gen

𝜆gen + 𝑋 X =෍

𝑛

𝜆𝑛𝐶𝑛
𝜆gen +෍

𝑛

𝜆𝑛 = 1

The nongenuine contributions are taken as a flat constant term X.



S.W. Liu and J.J. Xie, Phys. Rev. D 112, 034027 (2025). [arXiv:2503.22453 [hep-ph]]. 22

Fitting strategy

Scenario I: subtraction constants 𝑎(𝜇) are fixed; 𝑁 and 𝜆 are free 

parameters.

There are a total of 28 data and 2 free parameters.

Scenario II: subtraction constants 𝑎𝐾0Σ+ = 𝑎𝐾0Σ+ = 𝑎𝐾Σ, 𝑎𝐾Λ, 𝑎𝜂𝑝, 

𝑎𝜋+𝑛 = 𝑎𝜋0𝑝 = 𝑎𝜋𝑁, 𝑁 and 𝜆 are free parameters.

Pole position of 𝑁∗ 1535 , 𝑀𝑅 = 1510 ± 10 MeV, Γ𝑅= 105 ±

25 MeV, are also fitted.

There are a total of 30 data and 6 free parameters.
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Scenario I:

Scenario II:

Fitted results
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Fitted parameters and the 𝑁∗(1535)

S.W. Liu and J.J. Xie, Phys. Rev. D 112, 034027 (2025). [arXiv:2503.22453 [hep-ph]].



25

Branching rations of the 𝑁∗(1535)

In agreement 
with these 
values:

Γ𝜂𝑁

Γ𝜋𝑁
=

Γ𝜂𝑝

Γ𝜋+𝑛 + Γ𝜋0𝑝
=

1.4, for scenario I

1.2, for scenario II

𝐵𝑟[𝑁∗(1535) → 𝑁𝜂]

𝐵𝑟[𝑁∗(1535) → 𝑁𝜂]
= 0.99 ± 0.05 ± 0.19
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𝜋𝑁 scattering amplitude 𝑆11

Both scenario I and II can reproduce the real part of the 𝜋𝑁 scattering amplitude 𝑆11 in the 

energies around 1450–1540 MeV. 

However, the imaginary part above 1510 MeV can not be well described for scenario II.



Meson

Baryon
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𝑁∗(1535) in the Λ𝑐
+ → ഥ𝐾0𝜂𝑝 decay



Effective Lagrangian approach and the N*(1535) 

resonance as a Breit-Wigner resonance

Ju-Jun Xie and Li-Sheng Geng, PRD 96, 054009 (2017).
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Invariant ηp mass distributions
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Different line shapes



Other contributions

PRC 98, 015201 (2018).
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Exotic hadron states are made of hadrons.

Summary
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✓Correlation function offers, from one side, new test of the 

strong interaction between pairs of hadrons

✓Correlation function can be valuable to investigate the 

nature of exotic hadrons

✓The Λ𝑐
+ → ഥ𝐾0𝜂𝑝 decay can be used to study the 𝑁∗ 1535

resonance

Thank you very much for your attention!
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