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A(1405): Puzzles in the quark model

I(JP) =0(1/27)

PDG 2022 o
M = 1405.1" " MeV,T = 50.5 + 2.0 MeV

Quark model classification: a uds P-wave excitation, a few
hundred MeV above the ground state A(1116)
* Much lower than its nucleon-counterpart N(1535) (JF = 1/27)

* Mass gap between A(1405) and A(1520) (J¥ = 3/27)ismuch e
larger, compared with N(1535) and N(1520)



A(1405): Dynamically generated state

« Dynamically generated from the =¥ — KN coupled channel
interaction in UChPT. (Hadronic molecule)

/CD\ /E\ 7 N

T =V +VGT Bethe-Salpeter equation

/ A 7z KN [E

Obtained from a chiral effective
Lagrangian

\

Kaiser, Siegel, Weise, NPA594, 325(1995)
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A(1405): Two-pole structure
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Two-pole Structure
» Understanding with group theory

Weinberg-Tomozawa (WT) term dominates the interaction

VIT(Vs) = 4f2(2\/ M, — M;) N, N

Decomposed into group irreducible representations

GB Octet\A

8X8=1®D3, EBS D106 10 B 27

Baryon Octet/ ‘ i
attractive

In the SU(3) basis SU(3) C-G

SUG3 -
Cap” = D _DaiCijDs;
1,]
= diag(6, 3,3,0,0, —2)
]

attractive




. . Two-pole Structure
» Understanding with group theory

Im z, [MeV]
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A(1405): Two-pole structure

ABARYONS (S=—1, I= ()

A'=uds

A and Y Resonances

Pole Structure of the /A(1405) Region

A
A(1380)

A(1405)

A(1600)

A(1670)

Table 83.1: Comparison of the pole positions of A(1405) in the complex
energy plane from next-to-leading order chiral unitary coupled-channel
approaches including the SIDDHARTA constraint. The lower two results
also include the CLAS photoproduction data.
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Dy,(J*¥ = 0™): Analog in the heavy flavor sector
PDG 2022 D};(2300):M = 2343 + 10 MeV; T = 229 + 16 MeV
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Two-pole structure :



Analog in the heavy flavor sector

lower pole higher pole RPP
Dy (210575,102117) (2451433, 1347) (2300 + 19, 137 =+ 20)
Dy (224775,107710)  (2555137,203T5) (2427 + 26 + 25,19215% + 37)
By (553577,,113712)  (5852715,36 +5) -
By (558417,,119%12) (5912113, 4279) :

Guo, Shen, Chiang, PLB647, 133(2007)
Cleven, Guo, Hanhart, Meissner, EPJA47, 465(2011)

. symmetry

Article

Two-Pole Structures in QCD: Facts, Not Fantasy!

Ulf-G. Meifiner 23

The two-pole structure refers to the fact that particular
single states in the spectrum as listed in the PDG tables

are often two states.

A comprehensive review by Ulf-G. Meissner
Symmetry 2020, 12(6), 981
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Identify the two-pole structures

* Due to different couplings, the shape of the A(1380/1405)
spectrum can be different depending on the initial and final channels
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Identity the two-pole structures

Mai & Meissner, EPJA51, 30(2015) vp — 7 X KT

w=20 GeV

25¢ 30; — rzt _
20 25} ¥ by 15}
% ; & -
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Result of the fits to the CLAS photoproduction data in three channels
A chiral unitary model adopted
Solution Pole 1 Pole 2
The two-pole puzzle has
+2 +2 +4 +17 . . .
72 143455 =a 102y 133055 =456 1 still not been satisfactorily
Y 142078 — 1272 1325712 490712 | experimentally solved.
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An SU(3) flavor filter
Y = A(1520) 27

Y = AXT
A(1520)

Singlet

Singlet
i

QAW HA(BQO)W
f/,/kz 1/4/»2

A*
Y1 produced from an SU(3) octet A* Y1 produced from an SU(3) singlet A"

SU(3) symmetry requirement

Singlet

Y: A heavy quarkonium state J /1, (3686), x;, Y(ns)...

e SU(3) singlet
Huge data samples, more than 10 billion J /1 events and 3 billion 1 (3686)

events in BESIII

A(1520): SU(3) singlet with J® = 3/2~  generally supposed to be 13



An SU(3) flavor filter

A (A(1520)) A (A(1520))
Y ¥
m
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An SU(3) flavor filter

A (A(1520)) A (A(1520))
Y
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B
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(b)

Unitary model ¢, = V; + Z ViG,T;; Tii = Vi + Vit GrTk;

J
. d*q 1 1
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_|_
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Parameters of the model

Ly = D (By,ys{®, B}) V" + F ( By, v5[®. B]) ¢*

Ty Add (3.8£04) x107°
. . .
T RIS For J /Y decaysz brallchl_ng_fractlons_of_
L m—p— four channels AXm, ANK, AAn and XNK
212 Addn (1.62+£0.17) x 107° L
| are used for the fitting
Tys AL 7 forec) 2 (83+0.7) x 107
Lo pK-Akcc (86:+11)x10™ __F
0 RF/D:?:()18:EOO3
[ys  pKZ (29408) x 107
Ty AnKG+cc (65411)x 107
Iy A+ce (2.8340.23) x 107 e For 1/)(3686) decays
Ly 272 (1074 0.04) x 10
{ .
Iy D% (1172 £0.032) x 10~ L F
RF/D: = =0.50 +0.06
Iy  Z'E g (6.3+£04) x107° D
Ty E°8 (9.740.8) x 107

Braching fractions of J /1 decay modes
PDG 2022
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An SU(3) flavor filter
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Background
Dalitz plots of ] /1 = AXw, ZAm
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BESIII, arXiv:2306.10319 18



An SU(3) flavor filter

J/Y > AZn
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An SU(3) flavor filter
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Xco = AXm decay has ever been studied in [Liu, Wang, Xie, Song,
Zhu, PRD98, 114017(2018)], the flavor filter is however ignored
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Summary

» An SU(3) flavor filter is proposed to identify the two-pole
structure of A(1405/1380)

* The two poles are dynamically generated from different
irreducible representations.

* Huge data samples of heavy quarkonia accumulated in current
experiments.

* The spectator in the three-body decays is a good singlet/octet
candidate.

» Other flavor filter
* Y - D*D decays, single out the triplet D
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