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Pole trajectories of the exotic baryons help

establish their dynamical nature

Zejian Zhuang (£ 5 ®)

In collaboration with Raquel Molina, Jun-Xu Lu, and Li-Sheng Geng
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A bit of history: A(1405)

//\(1405) 1/2~ 1(JP) = 0(37) Status: @ O Theoretical prediction K™p — nX

In the 1998 Note on the A(1405) in PDG 98, R.H. Dalitz discussed

the S-shaped cusp behavior of the intensity at the N-K threshold ob- = Dalitz et aI, PRL 2 (1 959) 425
served in THOMAS 73 and HEMINGWAY 85. He commented that

this behavior "is characteristic of S-wave coupling; the other below
threshold hyperon, the X(1385), has no such threshold distortion . . .
because its N-K coupling is P-wave. For A(1405) this asymmetry is U Discovered in bubble chamber eXperlmentS

the sole direct evidence that JP = 127"

U Two-pole structure of A(1405)

= Coupled-channel model

\/\(1380) 1/2~ F=y s **/ {nZ,KN,nA, KB}

= Chiral unitary approach ...
/ 250

O SU3 flavor symmetry
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A(1405) in LQCD simulation
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J. Bulava et al, (BaSc), PRD 109, 014511 (2024)
J. Bulava et al, (BaSc), PRL 132, 051901 (2024)

U Luscher method

4 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




A bit history: N(1535)

Chiral dynamics and the S;;(1535) nucleon resonance *
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Abstract

The SU(3) chiral effective lagrangian at next-to-leading order is applied to the S-wave meson-baryon interaction in the
energy range around the nN threshold. A potential is derived from this lagrangian and used in a coupled channel calculation
of the 7N, 7N, KA, K% system in the isospin~%, ! = 0 partial wave. Using the same parameters as obtained previously
from a fit to the low energy KN data it is found that a quasi-bound KX-KA-state is formed, with properties remarkably
similar to |the $11(1535) nucleon resonance.]In particular, we find a large partial decay width into 7N consistent with the
empirical data.

O N(1535) predicted by the Chiral approach up to NLO

(50 =(03)

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

QP =

N R

0 N(1440) difficult to be understood by simple three-quark picture



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

Weinberg-Tomozawa interaction (a)

= Born term (b-c) } LO interaction
= NLO contact term (d)

o

O Couple-channel scattering matrix O Scattering Matrix in the finite volume

— ~ ~1-1
T=V+VGT =[I-VG]'V T=[1-vG]"v
G =i d*q 1 1
A T (P—q)? —m2 +ieq? - M2 +ie O The energy levels in the finite volume
J. A. Oller et al, PRD.60.074023 ~1
J. A. Oller, Prog. Part. Nucl. Phys. 110.103728 (2020) det []I - VG] — O

M. Doring et al, EPJA (2012) 48: 114
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https://link.springer.com/article/10.1140/epja/i2012-12114-6
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Pion mass dependence: three types of chiral trajectories
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Chiral-trajectory setup in LQCD: Tr[M] = 2my,q) + ms = C, mg = mgppy, and mg = my,(q)
The trajectory of my increasing over mg = mg,;,, but decreasing over Tr[M] = C

The trajectory of m,(x)(sqq) increasing but almost flat over Tr[M] = C

The trajectory of mz(ssq) increasing over m; = mg ,p,, but decreasing over Tr[M] = C

The trajectories of the Nucleon mass over Tr[M] = ¢ and m, = m,,,, are compatible up to ~ 420
MeV



Chiral trajectories of A(1405) up to NLO

/ UChPT in the finite volume \
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O Two-pole structure of A(1405) at physical point
O The A(1380) connected to the Singlet in the flavor symmetry
O The A(1405)/A(1670) coupled to the Octet in the favor symmetry

Z. Zhuang et al, Sci.Bull. 70

(2025), 1953-1961
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N(1535)/N(1650) in UChPT
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O Pole positions of the N(1535) and N(1650) up to NLO

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

O My result for N1535 up to NLO is still going =/



NLO ChPT works up to m,, = 450 MeV
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0 Could we correctly recover the chiral trajectories of my and f, over mg ,p, ?
O ChPT up to N2LO

2 2 2 2 2
m¢ = m0,¢ + m4,¢(Llr) m6ct,a(cir) + m6]oop,a(Lir)

f¢ = fO(1 + f4,a(Lir) + f6ct,a(Cir) + f6loop,a (Lir))

4 ~ 90 Cjs in scattering but 13 Cj,-s in my and f



Least absolute shrinkage and selection operator (Lasso) Z. Zhuang et al, arXiv: 2606.08609
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Pion mass dependence of the baryon-octet mass up to ~ m, = 800 MeV

Updated fit
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0 Could be as input for studying the properties of the exotic baryon resonances. A*, N*, Z*(I = 1) ...
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Revealing the s or ss
component in exotic hadrons




Revealing the s-quark component in exotic hadrons: a trivial example

LO result
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O The trajectories of the two poles smoothly increasing over mg but almost flat over Tr[M] = C

O s-quark and s§ component play important role in A(1670)

13



Observing ss component in N(1535) by trajectories

o 0 O O

LO result {7TN, 77N, KA, KZ}

Re [Ecm] (MeV)

Im [E.n] (MeV)

Flavor symmetry

e

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

The transitions of the R.S. with respectto m,: [- — + +] = [— ++ +] = [+]

The trajectory over m; = my . is increasing when increasing the pion mass
The distinction between trajectories over Tr[M]| = C and m,; = m,;,, exhibits the hidden s-

quark component in N(1535) !!!
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Another example: D;(2300) D =(0%)

{Dﬂ', Dn, DSK} 38=306 15 See Raquel Molina’s talk on Monday for detail

3000 -

2800 -

[\
[o))
=
(=]

Re [Ecm] (MeV)
R
8

2200-

2000-

m [Eem] (MeV)
b
8 .

Z. Zhuang et al, ArXiv: 2606.03826
O Less hidden s-quark component in the D3(2100)

U The higher pole has ss component 15



 Pole trajectory as another point of view revealing the quark

component of the exotic resonances

O N(1535) as a dynamically generated state has hidden s-quark

component
O Trajectories of the poles up to NLO are still going

 New results are coming soon

Thank you for your attention !!!
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