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Background

Conventional hadrons

> Conventional hadrons:

Meson

Meson

Baryon

> Non-standard hadrons:

- Molecule
Tetraquark
Pentaquark
% Hybrid
— Glueball

Pentaquark

Nature Rev. Phys. 1, 480 (2019)
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Low-lying baryons with JF=1/2-

Workman R L, e al., Review of Particle Physics (2024). These exotic properties of the low-lying excited
b ot s Lagam) 3t e [5 apr e e apr e [ oo | baryons with the quantum numbers of spin-
n 1/2F wrxx | A(1600) 32t wxRx | 50 1270 wxkk [ 4 (2595)F 1/27 ek | A,(5912)0 1/2 Rk . P . . .
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N(2120)  3/27 *** | A(2950) 152t ** | 5(2110) 1/2~ * ;jngg} 1ot s ;ngiigo sk nus (L_l? 1/2 = )E (1390) ) ‘[“S"“dl‘ d )
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N(2220) 9/2_ 1/2_ i ¥ (2250) =.(3080) Wt | 0 (6316)" Kok
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000 e [P0t Report of Bing-Song Zou

Existence is certain, and properties are at least fairly explored.
Existence ranges from very likely to certain, but further confirmation is desirable andsor quantum numbers, branching fractions, etc. are not well determined.

Evidence of existence is only fair.

Evidence of existence is poor.
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The spectrum shape of A(1670)
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Background

[0 PART of theoretical explanations of spectrum shape of A(1670)
» Cusp:
Phys. Rev. D 100 (2019) 054006: Considering the Triangle mechanism (ay-loop and X(1660)-loop)
Eur. Phys. J. C (2024) 84:1253 : Considering the Triangle mechanism (ay-loop)
Phys. Lett. B 857 (2024) 139003 : Considering the meson-baryon rescattering
> Dip:
Phys. Rev. C 92 (2015) 025205: Comprehensive partial-wave analysis of K~ p reactions
Nucl. Phys. B 119 (1977) 362-400: Partial wave analyses of KN two-body reactions

> Peak :

Phys. Rev. D 106 (2022) 056001: Considering the meson-baryon rescattering
Phys. Rev. D 110 (2024) 054020: Considering the meson-baryon rescattering
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Scalar meson

[0 Masses puzzle [0 PART of theoretical interpretation
of ay(980)

> KK molecular state:

Phys. Rev. Lett. 48 (1982) 659
» Experiment Phys. Rev. D 41 (1990) 2236

» Traditional quark model

fo(500) ~ ay(980) < K;(700) < f,(980)

£0(500) < K;(700) < ay(980) < fo(980) » Compact tetraquark state:
Phys. Rev. Lett. 92 (2004) 102001
Eur. Phys. J. A 30 (2006) 423-426

ight scal h lai
The light scalar meson ay(980) has been explained Phys. Rev. Lett. 111 (2013) 062001

to be either a molecular state, a tetraquark state, a
conventional gq meson, or the mixing of different » Dynamically generated states:

components.
P Phys. Rev. D 52 (1995) 2690

Phys. Lett. B 803 (2020) 135279
Phys. Lett. B 846 (2023) 138185
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Analysis the Belle data

O In 2021, Belle Collaboration have measured the process AL - Anm™
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Reanalysis the Belle data
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Restricted to M, > 1440 MeV and M,, > 1720 MeV Phys. Rev. D 110 (2024) 054020 8



The BESIII measurement
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O In 2025, A{ > Anmt™ has been posteriorly measured by the BESIII

BESIII Collaboration, Phys. Rev. Lett. 134 (2025) 021901
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In spite of the small signal seen
in the Dalitz plot, the analysis
reports a branching fraction of
approximately 50% for the
Aag (980) decay mode.

Belle Collaboration, PRD 103 (2021) 052005



Formalism & AHNLT
[0 Quark level diagram [0 Hadronization
) wt AT = —l—c(ud—du)XMA —>7r+is(ud—du)XMA
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Formalism &xBUNLZ
[0 Mechanisms for tree level and [0 The mechanisms from the
rescattering intermediate Y(1385)

A
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Non spin flip part

ME(1335) = 1382.8 MeV, FZ(1385) = 36.0 MeV, 11
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Formalism

[0 The total decay amplitude 0 The A(1670) amplitudes

t =1 + 1, Nucl. Phys. A 635 (1998) 99-120
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Formalism KBNLE
[0 The a((980) amplitudes [0 The cutoff method
K*K° (1) and t*n (2 _ 1 s+ A s—A
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O The ay(980) amplitudes

2 2
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13
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Results

OThe invariant mass distributions of the AT - Anm™ deca
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Formalism-internal emission
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[0 Quark level diagram [0 Hadronization
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Results

CdThe invariant mass distri
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Summary

» The consideration of the ay(980) and A(1670) as dynamically
generated has allowed us to find a reasonable description of the
invariant mass distributions for the A7 — nmTA.

» While the spin flip part of the X(1385) contribution appears with a
strength of 1/4 with respect to the non spin flip part in the mass
distributions, the different dependence on the invariant masses of these
two terms, makes them to show up with different shapes in the mass
distributions.

Thank you very much!
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