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Pole trajectories of the exotic baryons help 

establish their dynamical nature



A bit of history: 𝚲(𝟏𝟒𝟎𝟓)
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q Theoretical prediction 𝐾!𝑝 − 𝜋Σ

§ Dalitz et al, PRL 2 (1959) 425

q Discovered in bubble chamber experiments

q Two-pole structure of Λ 1405

§ Coupled-channel model

§ Chiral unitary approach …

q SU3 flavor symmetry

D. Jido, J.A. Oller, E. Oset et al, NPA725 (2003) 181-200
q Decouple is broken by the Born term and NLO



𝚲(𝟏𝟒𝟎𝟓) in LQCD simulation
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𝑚" = 200 MeV

q Luscher method

q Two-pole structure

§ The virtual state: 𝑧# = 1392(9)(2)(16) MeV

§ The resonance: 𝑧$ = 1455 13 2 17 − 𝑖11.5 4.4 4 0.1  MeV

J. Bulava et al, (BaSc), PRD 109, 014511 (2024)

J. Bulava et al, (BaSc), PRL 132, 051901 (2024)



A bit history: 𝑵(𝟏𝟓𝟑𝟓)
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q 𝑁 1535  predicted by the Chiral approach up to NLO

q 𝐽% = #
$

!
, 𝑆, 𝐼 = 0, #

$

q 𝑁(1650) also as a dynamical generation of the resonance

q 𝑁 1440  difficult to be understood by simple three-quark picture



Chiral approach up to NLO
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q Meson-baryon interaction kernels up to NLO

§ Weinberg-Tomozawa interaction (a)

§ Born term (b-c)

§ NLO contact term (d)

LO interaction

q Couple-channel scattering matrix

J. A. Oller et al, PRD.60.074023

J. A. Oller, Prog. Part. Nucl. Phys. 110.103728 (2020)

q Scattering Matrix in the finite volume

q The energy levels in the finite volume

M. Doring et al, EPJA (2012) 48: 114

https://link.springer.com/article/10.1140/epja/i2012-12114-6


Pion mass dependence: three types of chiral trajectories 

q Chiral-trajectory setup in LQCD: Tr 𝑀 = 2𝑚!(#) +𝑚% = 𝐶, 𝑚% = 𝑚%,'(), and 𝑚% = 𝑚!(#)

q The trajectory of 𝑚* increasing over 𝑚% = 𝑚%,'() but decreasing over Tr 𝑀 = 𝐶

q The trajectory of 𝑚+ , (s𝑞𝑞) increasing but almost flat over Tr 𝑀 = 𝐶 

q The trajectory of 𝑚- 𝑠𝑠𝑞  increasing over 𝑚% = 𝑚%,'() but decreasing over Tr 𝑀 = 𝐶

q The trajectories of the Nucleon mass over Tr 𝑀 = 𝐶 and 𝑚! = 𝑚!,#$% are compatible up to ~ 420 
MeV
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CBChPT up to N2LO ChPT up to NLO



Chiral trajectories of 𝚲(𝟏𝟒𝟎𝟓) up to NLO
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Z. Zhuang et al, Sci.Bull. 70 (2025), 1953-1961 

Physical point

UChPT in the finite volume

q Two-pole structure of Λ 1405  at physical point

q The Λ(1380) connected to the Singlet in the flavor symmetry

q The Λ 1405 /Λ 1670  coupled to the Octet in the favor symmetry

Over Tr 𝑀 = 𝐶

Up to NLO



𝑵(𝟏𝟓𝟑𝟓)/𝑵(𝟏𝟔𝟓𝟎) in UChPT

8

Peter, et al, PLB.697.2011, 254-259

J. Nieves, et al, PRD.64.116008

Maxim Mai et al, PRD.86.094033

N. Kaiser, et al, PLB.362.1995, 23-28

PDG

…

q Pole positions of the 𝑁 1535  and 𝑁 1650  up to NLO

q Reference results: 𝐑𝐞 𝐏𝐨𝐥𝐞	𝟏 = 𝟏𝟒𝟖𝟎, 𝟏𝟓𝟔𝟎  MeV, 𝐑𝐞 𝐏𝐨𝐥𝐞	𝟐 = [𝟏𝟓𝟖𝟎, 𝟏𝟕𝟓𝟎] MeV

q My result for N1535 up to NLO is still going 🙃



NLO ChPT works up to 𝐦𝝅 = 450 MeV
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q Could we correctly recover the chiral trajectories of 𝑚& and 𝑓& over 𝑚',)*+ ?

q ChPT up to N2LO

q ~ 90 𝐶./s in scattering but 13 𝐶./s in 𝑚0 and 𝑓0



Least absolute shrinkage and selection operator (Lasso)
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Lasso regression

Shrinking less relevant 𝐶&' to 0

Fit 2.A:

Fit 2.B: 

q Fit 1: Fitting 𝐿,- and 𝐶,- to data as comparison

q Fit 2.A: Set 𝐶,- = 0 and fix 𝐿,- by data. Then 

perform the Lasso on 𝐶,-
q Fit 2.B: Fit to data with 𝐶,- and 𝐿,-, Then fix 𝐿,- 

and perform the Lasson on 𝐶,-

Z. Zhuang et al, arXiv: 2606.08609

Convergence of the chiral expansion

Dark dashed line: 

JHEP.11.017



Pion mass dependence of the baryon-octet mass up to ~ 𝒎𝝅 = 𝟖𝟎𝟎 MeV
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q Could be as  input for studying the properties of the exotic baryon resonances. Λ∗, 𝑁∗, Σ∗(𝐼 = 1) …

Updated fit



Revealing the 𝒔 or 𝒔"𝒔 
component in exotic hadrons
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Revealing the 𝒔-quark component in exotic hadrons: a trivial example
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LO result

q The trajectories of the two poles smoothly increasing over 𝑚' but almost flat over Tr 𝑀 = 𝐶

q 𝑠-quark and 𝑠𝑠̅ component play important role in Λ(1670)



Observing 𝒔"𝒔 component in 𝑵 𝟏𝟓𝟑𝟓  by trajectories
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LO result

q The transitions of the R.S. with respect to 𝑚": −	−	+ + → −	++ + → [+]

q The trajectory over Tr 𝑀 = 𝐶 is approximately constant by varying the pion mass

q The trajectory over 𝑚' = 𝑚',)*+. is increasing when increasing the pion mass

q The distinction between trajectories over 𝐓𝐫 𝑴 = 𝑪 and 𝒎𝒔 = 𝒎𝒔,𝐩𝐡𝐲. exhibits the hidden s-

quark component in 𝑵 𝟏𝟓𝟑𝟓  !!!

Flavor symmetry



Another example: 𝑫𝟎∗ 𝟐𝟑𝟎𝟎
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𝑆, 𝐼 = 0,½

See Raquel Molina’s talk on Monday for detail

q Less hidden 𝑠-quark component in the 𝐷4∗ 2100

q The higher pole has 𝑠𝑠̅ component

Z. Zhuang et al, ArXiv: 2606.03826



Summary
q Pole trajectory as another point of view revealing the quark 

component of the exotic resonances

q 𝑁 1535  as a dynamically generated state has hidden s-quark 

component

q Trajectories of the poles up to NLO are still going

q New results are coming soon
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Thank you for your attention !!!


