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A(1405): why is it special

In the constituent quark model, 41(1405)
PDG is the first P-wave orbital excitation of
IJP) = 0(1/27),S = —1 the ground-state baryon A(1115)

M =1405.1" " MeV, T = 50.5 % 2.0 MeV

Two puzzles

)P=1/2" N(1535)

$ 15 MeV

IP=3/2" N(1520)

JF=3/2" A(1520)

Low mass vs. N*(1535)

-115 MeV

large spin splitting vs. A(1520)

)P=1/2" A(1405)




A(1405): predicted before discovery as KN b state
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A(1405) as a dynamically generated state

OModern picture for A1(1405) : a KN bound state dynamically generated by

coupled-channel chiral dynamics implemented in the so-called chiral

unitary approaches
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Unexpected two-pole structure!

OTwo poles: Wy = 1424.3 —17.1i, W; = 1389.1 — 64.1

T|[1/Mev] |

0.8

0.6

A(1405)

A(1405)
Zg (MeV) 1390 — 661 1426 — 161
&l(7 ) L5
g:|(KN) 2.1
gil(nA) 0.77 14
g |(KE) 0.61 0.35

Isopin 0, four coupled channels: wX(1330), KN(1433), nA(1662),
KZ(1813) (renormalization scale u = 630 MeV, with four different a;(u))

Oller and Meissner, PLB500, 263(2001)
Jido, Oller, Oset, Ramos, and Meissner, NPA725, 181 (2003)
Hyodo and Jido, PPNP67, 55 (2012)



A(1405)-dynamical generated two-pole structure!
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Evidence for the two-pole structure of the A1(1405) state

e
PHYSICAL REVIEW LETTERS

week ending

PRL 95, 052301 (2005) 29 JULY 2005

Evidence for the Two-Pole Structure of the A (1405) Resonance ~ K .

V.K. Magas,1 E. Oseti1 and A. Ramo§2 S 7
'Departamento de Fisica Tedrica and IFIC, Centro Mixto, Institutos de Investigacion de Paterna—Universidad de Valencia-CSIC, N R
Apartado correos 22085, 46071, Valencia, Spain a .

*Departament d’Estructura i Constituents de la Matéria, Universitat de Barcelona, Diagonal 647, 08028 Barcelona, Spain LN Ry
(Received 7 March 2005; published 28 July 2005)

The K~ p — 77" 2P reaction is studied within a chiral unitary model. The distribution of 7°2° states > S >
forming the A(1405) shows, in agreement with a recent experiment, a peak at 1420 MeV and a relatively Tl 0
narrow width of I' = 38 MeV. The mechanism for the reaction is largely dominated by the emission of a Tl Z
7° prior to the K~ p interaction leading to the A(1405). This ensures the coupling of the A(1405) to the
K™ p channel, thus maximizing the contribution of the second state found in chiral unitary theories, which hES
is narrow and of higher energy than the nominal A(1405). This is unlike the 7~ p — K%#2 reaction,

Y

which gives more weight to the pole at lower energy and with a larger width. The data of these two
experiments, together with the present theoretical analysis, provide firm evidence of the two-pole structure
of the A(1405).
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The two-pole structure persists at N2LO

Meson-baryon scattering up to N2LO, Jun-Xu Lu, LSG*, M. Doering and M. Mai, PRL130, 071902(2023)
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Lambda 1/2*

Lambda(1380) 1/2~
Lambda(1405) 1/2~
Lambda(1520) 3/2~
Lambda(1600) 1/2*
Lambda(1670) 1/2-
Lambda(1690) 3/2~
Lambda(1710) 1/2*
Lambda(1800) 1/2-
Lambda(1810) 1/2*
Lambda(1820) 5/2*

Lambda(1830) 5/2-

pdg
pdg
pdg
pdg
pdg
pdg
pdg
pdg
pdg
pdg
pdg
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Already in the review of particle physics

Lambda Baryons (S=-1,1=0)

Lambda(1890) 3/2*
Lambda(2000)

Lambda(2050) 3/2-
Lambda(2070) 3/2*
Lambda(2080) 5/2~
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Latest lattice QCD study
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Two-Pole Nature of the A(1405) Resonance from Lattice QCD : ﬁ }I .
John Bulava, Barbara Cid-Mora, Andrew D. Hanlon, Ben Hérz, Daniel Mohler, Colin Morningstar, Joseph 741 I I ]I I 1 I

(BaSc) Collaboration)

=
Moscoso, Amy Nicholson, Fernando Romero-Lépez, Sarah Skinner, and André Walker-Loud (Baryon Scattering ~§__
g
Phys. Rev. Lett. 132, 051901 — Published 30 January 2024 €3

7.2 - Ii ----- { i 1{ {{KN
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This letter presents the first lattice QCD computation of the coupled channel 7¥-K N scatter- | e a0
ing amplitudes at energies near 1405 MeV. These amplitudes contain the resonance A(1405) with 6.8 i I 1 [} ) )
strangeness S = —1 and isospin, spin, and parity quantum numbers I(J) = 0(1/27). However, 4
whether there is a single resonance or two nearby resonance poles in this region is controversial el G el al
theoretically and experimentally. Using single-baryon and meson-baryon operators to extract the 1(0) 1(1) @ (3)
finite-volume stationary-state energies to obtain the scattering amplitudes at slightly unphysical . .
quark masses corresponding to m, =~ 200 MeV and mx = 487 MeV, this study finds the amplitudes Two poles are found on the (—, —l‘) sheet, which is the
gxhibit a virtual bound state below the 73 thre.shol.d in addition to the established- resonance pole one closest to physical scattering in the region between
just below the KN threshold. Several parametrizations of the two-channel K-matrix are employed . .
to fit the lattice QCD results, all of which support the two-pole picture suggested by SU(3) chiral the two thresholds. Their locations are

symmetry and unitarity.

E; =1392(9)(2)(16) MeV,

Ey =[1455(13)(2)(17) — i11.5(4.4)(4)(0.1)] MeV, (6)

m, =~ 200 MeV,
a virtual bound state below X and a

and their couplings

resonant ( ) state just below KN, C(%l% = 1.9(4)(6), C(Sf‘% = 0.53(9)(10).  (7)
°rN RN

support the two-pole structure suggested

11



Following up theoretical works

Pole trajectories of the A(1405) helps establish its dynamical nature

Peking U. and Peking U., SKLNPT and Beljing, CSRC and Lanzhou, Inst. Modern Phys.) (May 13, 2024)
e-Print: 2405.07686 [hep-ph]

Zejian Zhuang (Valencia U., IFIC), Raquel Molina (Valencia U., IFIC), Jun-Xu Lu (Beihang U.), Li-Sheng Geng (Beithang U. and

Light-quark mass dependence of the A(1405) resonance

Xiu-Lei Ren (Helmholtz Inst., Mainz) (Apr 3, 2024)
Published in: Phys.Lett.B 855 (2024) 138802 - e-Print: 2404.02720 [hep-ph]

New insights into the nature of the A(1380) and A(1405) resonances away from the SU(3)
limit

Feng-Kun Guo (Beijing, Inst. Theor. Phys. and Beijing, GUCAS and Beijing, CSRC), Yuki Kamiya (Bonn U., HISKP), Maxim

Julich and JCHP, Julich and Thbilisi State U.) (Aug 15, 2023)
Published in: Phys.Lett.B 846 (2023) 138264 « e-Print: 2308.07658 [hep-ph]

Mai (Bonn U., HISKP and George Washington U.), Ulf-G. MeiBner (Bonn U., HISKP and Julich, Forschungszentrum and IAS,
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Can be described by UChPT and consistent with exp.

2405.07686, Zejian Zhuang, R. Molina*, Jun-Xu Lu, and LSG
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Two-pole structures are not simply two states!

@ Two-pole structures refer to the fact that two dynamically generated states,
one resonant and one bound, are located close to each other between
two coupled channels and with a mass difference smaller than the sum of
their widths.

@ Two poles overlap, which creates the impression that there is only one
state in the invariant mass distribution of their decay products.
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Two prominent examples: A(1405) and K,(1270)
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Comprehensive review from the flavor-symmetry perspective

@ symmetry MDPI|

Article 3. The Story of the A(1405)
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SU(3) group-theoretical explanation

O SU(3) symmetry decomposition |Vi
8R8=1®8, ®8,®10d 10® 27

Baryon octet-NGB octet

Potential in this basis
Vap = diag(6, 3,3,0,0, =2)

attractive




SU(3) group-theoretical explanation
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More can be asked

O Two-pole structures are not just two states



More can be asked

O Two-pole structures are not just two states

O Many questions can be asked

1. Why are there two?

2. Why can they be mistaken for one state?
3. Why are they located between the two channels?

4. What kind of interactions can generate such two poles?

21



Three questions to ask/answer (not by flavor sym.)
. )

Is the coupling between KN and nX important?

¢ f

How does the nature of the Nambu-Goldstone bosons play a role?

Whether is the energy dependence of the WT potential relevant?

22
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Chiral unitary approach—leading order

OLeading order interaction between a NGB and a ground-state baryon

E}gg = ETr (B'z";“ ?0,,® — 0,09, B])
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A(1405)—dynamically generated in Chiral Unitary Approaches

N

N Pl
N NN s +...
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ODynamically generated states — singularities of unitarized amplitude T

See, e.g., Oller, Oset, and Ramos, PPNP45, 157 (2000)



Q1: Is the coupling between KN and =X important?

OTo simplify the discussion, consider only the two most relevant
channels around 1400 MeV: KN(1433), ©X(1330)--equivalent to
the full four-body analysis

> With the subtraction constants: agy = —1.95, a,,y = —1.92, we obtain two
poles: Wy = 1426.0 — 20.1i, W; = 1393.1 — 68.7i (to be compared with the
four-channel results) W, = 1424.3 — 17.1i, W, = 1389.1 — 64.1i)

OWe gradually turn off the intra-channel coupling to see what
happens, i.e., whether the coupling is important
Zero-coupling limit, see, e.qg.,

Hyodo et al, Phys.Rev.C 77 (2008) 035204
A. Cieply et al, Nucl. Phys. A, 954 (2016) 17-40



Q1: Is the coupling important?

OMultiply a factor 0 < x < 1, 20
to the off-diagonal matrix - - |
elements of the WT potential OF i
[ Higher pole \ ]
O 3 — %“I % _20_— Lower pole x=1
K 4 = 40F . :
;”‘ ' m3(1330) KN(1433).
O Even in the limit of complete ~ — 01 x=1
decoupling (x = 0), there are P
still two poles between the | B
two channels: ' -

_100 X 1 ) ] 1 L ] 1 1 .
1320 1340 1360 1380 1400 1420 1440

Wy = 1421.8 — 04, Re z, [MeV]

W, = 1382.2 — 93.6i
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Q1: Is the coupling important?

OMultiply a factor0 < x <1,
to the off-diagonal matrix
elements of the WT potential

‘ 3 ..
3 E :If
4

O Even in the limit of complete
decoupling (x = 0), there are
still two poles between the
two channels:

Wy = 1421.8 — 0,
W, = 1382.2 — 93.6i

Cij

Im z, [MeV]

20 - - — T
0 x0T
[ Higher pole \ '
20 | .
Lower pole x=1 |
40F = |
' tx(1330) KN(1433):
o0r x=1
-80 /
I X:O 1
_100 1 1 ) 1 1 1 ) 1 1 1 -
1320 1340 1360 1380 1400 1420 1440
Re z, [MeV]

Coupling not necessary for two poles but relevant for the decay :



Q2: How does the nature of NG bosons play a role?

OThe diagonal chiral WT potential (since coupling bw two channels is less relevant)

lfh'N—h'N (\ﬁ) = —
VTTZ—;TZ (\/:) —

§ B 6 >
A2 KT 1;2\/"” T = 496 MeV
3 m, = 138 MeV
Capt

= \/!H‘ -+ q~




Q2: How does the nature of NG bosons play a role?

OThe diagonal chiral WT potential (since coupling bw the two channels is less reIevant)

§ §
"fx’{i"‘v’—!{N (\ﬁ) - 1_/2E1x — _m\/!” T ([ My = 496 MeV
’ m., = 138 MeV
Vis—x (Vs) = T 1/2 Vmz + g2, ’

> Explicit chiral symmetry breaking leads to m, « my. As a result, close
to the respective thresholds, the KN(1433) interaction is stronger than
the 72(1330) one, which leads to a KN(1433) bound state



Q2: How does the nature of NG bosons play a role?

OThe diagonal chiral WT potential (since coupling bw two channels is less relevant)

6 6
Vienv-n (Vs) == 7Bk = —m\/ M T my = 496 MeV
] m, = 138 MeV
wa_ﬂz(\/;) =— - I 1/2\/m~ + q>. [

> Explicit chiral symmetry breaking leads to m,, < mg. As a result, close
to the respective thresholds, the KN(1433) interaction is stronger than
the 72(1330) one, which leads to a KN(1433) bound state

»>The small pion mass combined with the g*(energy)-dependence of the
interaction is responsible for the dynamical generation of a t2(1330)
resonance, because a momentum-independent potential cannot generate S-

31
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Role of explicit chiral symmetry breaking

O To better understand explicit chiral symmetry breaking, we study
the pole trajectories as a function of the light-quark (pion) mass
dependence.

O For the pion mass dependence of the mesons and baryons, we
follow the PACS-CS tralectorv

- PACS-CS-Fit ] [
0.6 b -+ LHPC-Fit - 1.6 | ¥ -
- QCDSF-UKQCD-Fit .=~ ] 3 i =
05 5 HSC-Fit It Sl [ § .
R . 14 | 3 : %
= s T E > : P
5 sew ] ©) N -
=3 - ,—r"'j © ] = 12 F : ¢ i
Yy 03 B 3 EED 5 §
= g . ¢ N
" — "I"."""'O‘---Q ,,,,, E 1 -
ol F e . r —— PACS-CS
E e ] 0.8 y 3 3 3 b e v s 2 b s s g s b a3 a3l s
0 SRR RS S S SRS B RN LT
0 0.1 02 03 0.4 0.5 0 0.1 0'22 0'23 0.4 0.5
M, [GeV’] M~ [GeV“]
Ren, LSG*, Camalich, Meng, and Toki, JHEP12, 073 (2012) Aoki et al. (PACS-CS), PRD79, 034503

(2009)



Variation of higher pole with m_: simple

OAs m, increases, both the real
and the imaginary parts of the |
higher pole decrease, which oL ——KNpole
indicates that the effective KN

attraction becomes weaker and
the coupling to X decreases as

well. | el

ONote that the two thresholds T s )
also increase as m,, increases. Re zg-(mg+My) [MeV]

Im z, [MeV]
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Variation of lower pole with m_: complicated

______ mn;497T________________________

virtual : resonant

30
OFor m, = 200 MeV, it
becomes a virtual resonance O
from a resonant state. — |
> 30}
S
, ;M 60 |
OFor a pion mass of about s
300 MeV, it becomes a ool
bound state and remains so
up to the pion mass of 500 120
MeV. -60

-40 -20 0 20 40 60

Re zp-(m +My) [MeV]



Variation of lower pole with m_: complicated

30

OFor m, = 200 MeV, it
becomes a virtual resonance
from a resonant state.

o))
-
=
X
7
~
°

OFor a pion mass of about

Im z, [MeV]
//
U

: ' T~ m_=137]
300 MeV, it becomes a o0l | g T
bound state and remains so | virtual - resonant
up to the pion mass of 500 ol
MeV. -60 -40 -20 0 20 40 60

Re zz-(m_+My) [MeV]

The evolution of the lower pole clearly demonstrates the chiral dynamics
underlying the two-pole structure of 41(1405).
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Q3: Is energy dependence of WT rotential relevant?

Ci;j | | Ci;

OReplace the E; + E; with m; + m;, i.e. eliminate the energy
dependence.



Q3: Is energy dependence of WT potential

relevant?

s | | 39

OReplace the E; + E; with m; + m;, i.e. eliminate the energy
dependence.

OWith the original subtraction constants, we obtain only one pole at
1413.3 — 13.2i, corresponding to a KN bound state.



~ 17 (V5 — M; — Mj) = — 24 (B: + )

Q3: Is energy dependence of WT rotential relevant?

OReplace the E; + E; with m; + m;, i.e. eliminate the energy
dependence.

OWith the original subtraction constants, we obtain only one pole at
1413.3 — 13.2i, corresponding to a KN bound state.

OSwitching off the off-diagonal interaction affects little our conclusion.
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Q3: Is energy dependence of WT rotential relevant?

OReplace the E; + E; with m; + m;, i.e. eliminate the energy
dependence.

OWith the original subtraction constants, we obtain only one pole at
1413.3 — 13.2i, corresponding to a KN bound state.

OSwitching off the off-diagonal interaction affects little our
conclusion.

OAs the pion mass is much smaller than the kaon mass, the attraction
of the X channel is much weaker than that of the KN channel, thus
cannot support a bound state.
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Q3: Is energy dependence of WT rotential relevant?

OReplace the E; + E; with m; + m;, i.e. eliminate the energy dependence.

OWith the original subtraction constants, we obtain only one pole at
1413.3 — 13.2i, corresponding to a KN bound state.

OSwitching off the off-diagonal interaction affects little our conclusion.

OAs the pion mass is much smaller than the kaon mass, the attraction of the
nz channel is much weaker than that of the KN channel, thus cannot
support a bound state.

OIf we increase the attractive potential, we can obtain two bound states,
but not a bound state and a resonant state.



Q3: Is energy dependence of WT potential relevant?

1500

> The energy dependence of
the WT potential is ' * Boundstate

®  Resonance

responsible for the 1450 - " KN(1433) ~
emergence of two-pole [T TR N % ““““““““ .
structures, as we defined

1400 +
here.

E [MeV]

1393.1-68.7i
> That is, the appearance of 1350 .>
two states between the two S S T N
relevant channels, such that 1300
they overlap.




K{(1270) IJP) = 1/2(1%),S = 1; M = 1253 + 7 MeV, T = 90 + 20 MeV

OReplace the baryon octet with the vector nonet

8f o
—% (]\[f — 'm,,f)) (./\[J‘-2 — m:‘f-)] :

Vi (8) =— e v [35 — (]\[}2 +m? + J\[J“.2 =5 ‘mf)

L“ T 4}02 . ([V/l . OI/V'“] [(I) 01/(1)])

Simplified as the light mass of NGB and in the chiral limit of M; = M; = M Vi (s) = el C,] M (E; + E;)
() ¢ - 8](2

OCoupled channels: K*(1030), pK(1271), wK (1278), K*n(1440), $K(1515)

i 1 V3 3]
-2 5 5 0 —\/;

-2 0

Roca, Oset, and
Singh, PRD72,
014002 (2005)

:g LSG, Oset, Roca,
= and Oller, PRD75,
014017 (2007)
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IJP)=1/2(3/27),S =2; M = 1823 + 5 MeV, ' = 24712 MeV

Z(1820)

K° S K+
sd 1 su |
N 12 1 0 0
f
/1N IXe 3 Vij === Cij (k" +k7).
1 d I_&_Qggad 12_ (g s 4f
XN/ T
A
us ds
s E = Poles |gil gi channels
B 1824 — 31i 3.0 3.22 — 0.096i Ky*
1.71 1.55 + 0.73i =+
OK 2.61 2.58 — 0.38i n="*
) 1.62 1.47 + 0.67i KQ
1875 — 130i 2.13 0.29 +2.11i Ky*
% 3.04 ~2.07 +2.23j =
; 2.20 1.11 + 1.90i =
V2 3.03 177 +2.45j KQ
3 Guax = 830 MeV, f = 1.28f.

S. Sarkar, E. Oset, M.J. Vicente Vacas, NPA750 (2005) 294-323
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Experimental evidence?

Phys. Lett. B 856 (2024) 138872

Contents lists available at ScienceDirect

140 [ ]
. L — R 1 + Rz -
: i Physics Letters B [ -== R1 ]
L vselie 120 - -
= -
ELSEVIER journal homepage: www.elsevier.com/locate/physletb [ BaCkg round ]
® Exp. data |
—
< 100 ]
Letter ,') | i
f - — < ]
Two states for the Z(1820) resonance GRS 5> 80
z -
R. Molina *", Wei-Hong Liang 9 Chu-Wen Xiao*, Zhi-Feng Sun ‘¢, E. Oset *° s ]
* Department of Physics, Guangxi Normal University, Guilin 541004, China e} 60 _'
" Departamento de Fisica Tedrica and IFIC, Centro Mixto Universidad de Valencia-CSIC Institutos de Investigacién de Paterna, Aptdo.22085, 46071 Valencia, Spain ——
¢ Guangxi Key Laboratory of Nuclear Physics and Technology, Guangxi Normal University, Guilin 541004, China — 7
4 Lanzhou Center for Theoretical Physics, Key Laboratory of Theoretical Physics of Gansu Province, and Key Laboratory of Quantum Theory and Applications of MoE, -U i :
Lanzhou University, Lanzhou, Gansu 730000, China 40
¢ Research Center for Hadron and CSR Physics, Lanzhou University and Institute of Modern Physics of CAS, Lanzhou 730000, China ]
ARTICLE INFO ABSTRACT 20 .
Editor: A. Ringwald We recall that the chiral unitary approach for the interaction of pseudoscalar mesons with the baryons of the : A T
decuplet predicts two states for the Z(1820) resonance, one with a narrow width and the other one with a 0 Pl Balinrairair i B S — -.-'-'1 - n
large width. We contrast this fact with the recent BESIII measuremen t of the K~ A mass distribution in the
wi(3686) decay to K~ AZ*, which demands a width much larger than the average of the PDG, and show how the 1 600 1 8{}0 2000 2200 2400
consideration of the two =(1820) states provides a natural explanation to the experimental data. M (K ) M
. “A e
m(KA) [MeV]

We contrast this fact with the recent BESII| measurement of the K-\ mass
distribution in the 1)(3686) decay to K~A= *, which demands a width much larger than

the average of the PDG, and show how the consideration of the two =(1820) states
orovides a natural explanation to the experimental data




Further two-pole structures: singly charmed baryon

ONGB scattering off a singly-

3000 ———————————————
charmed baryon

2950-———————----__________ _____ _
-+ o  Bound state > KX .(2949) .

m  Resonance {

2900

= - 2882.7-21.0i

(]

> 2850 | -
= 2842.6—127.9i

2800

2750 F _
OKZX,.(2949), £Z.(2714); | n='(2714) |

N2c(3125), KQ(3191) ; YO el
Isospin Y2, strangness -1

A =800 MeV

Wy = 2882.7 — 21.0i W, = 2842.6 — 127.9i
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Identifying flavor-content of the two poles of A(1405)

—S—- 1390
(I=0)

=10

—8— disappear
(I=1)

P |—A— 1426
(I=0)

v=1.0

=05

=T =05

2407.13486, Ying-Bo He, Xiao-Hai Liu*, LSG*, Feng-Kun Guo*, Ju-Jun Xie*

=10 - 1580
(I=1)

v=0.5

1400

I x=05

s
1500 \

||Singlet|

[Octet|

1700
Rez, [MeV]

1600

Jido, Oller, Oset, Ramos, and Meissner, NPA725, 181(2003)

1700

Re[Ecm] [MeV]
=
S
S

14001

=100}

Im[Ecm] [MeV]
o

1500¢

\ 160058
— A(1380) - ) g >
A(1405) . 1583%- =
A1680) 1 e ——
242 417 ' ' ' 292 371
= L — " (1
—T08 /
| —T73
150 200 250 300 350 400 50 200 250 300 350 400
m, [MeV] m, [MeV]

2405.07686, Zejian Zhuang, R. Molinax*, Jun-Xu Lu, and LSG

O The higher pole is more of an SU(3) octet; the lower pole is of an SU(3) singlet.
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Identifying flavor-content of the two poles of A(1405)

2407.13486, Ying-Bo He, Xiao-Hai Liu*, LSG*, Feng-Kun Guo*, Ju-Jun Xie*

0.00 0.00
. -0.05F __ -0.05}
> - 1405 = 1405
g S - g " w380
Z‘ _0.10'_ = 1680 ':Z* _0.10'_ - 1630

~0.15} —0.15}

b9 KN nA K=
1.3 14 1.5 1.6 1.7 1.8
Re W [GeV] Re W [GeV]

Feng-Kun Guo, Yuki Kamiya, Maxim Mai, UIf-G. MeiRRner, PLB846(2023)138264

O The higher pole is more of an SU(3) singlet; the lower pole is of an SU(3) octet.
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Identifying flavor-content of the two poles of A(1405)

2407.13486, Ying-Bo He, Xiao-Hai Liu*, LSG*, Feng-Kun Guo*, Ju-Jun Xie*

A/A(1520) A/A(1520)

O Y is a charmonium or bottomonium, such as J /vy, ¥,,, x.o, but an SU(3) singlet
O A is an SU(3) octet, then the ©X pair must be an SU(3) octet—higher pole
O A(1520) is an SU(3) singlet, then the ©X pair must be an SU(3) singlet—lower pole
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Identifying flavor-content of the two poles of A(1405)

~2
/T34dM,5 [D"xGeV?]
(F8]

-
[ ]

dr/Ty,dM,; [gixGeV] g

2407.13486, Ying-Bo He, Xiao-Hai Liu*, LSG*, Feng-Kun Guo*, Ju-Jun Xie*

LN

Y

i o]

=

(a)

]/ - AZm

=

 (b)

= N & SN oC

[INLO1] Y. lIkeda, T. Hyodo, and W. Weise,
NPA881(2012)98

INLO2] F.-K. Guo, Y. Kamiya, M. Mai,
and U.-G. MeiBBner, PLB846(2023)13826
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Identifying flavor-content of the two poles of A(1405)

1/)25 — ZETI:

Yo, - A(1520)X

dr/Ty s,dM, [D’xGeV?]
- ] o (] | FUREN =Y Ln =

=a)

=

dr/Ty, 25 dM,;z [goxGeV]

=

2407.13486, Ying-Bo He, Xiao-Hai Liu*, LSG*, Feng-Kun Guo*, Ju-Jun Xie*

(a)

[ ]

1.35 1.40 1.45 1.50 1.55 1.60
M,; [GeV]

E ]
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0.0

()

.....
__________

— WT
e NLOT
NLO2

1.35 1.40 1.45 1.50 1.55 1.60

M;z [GeV]
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Summary and outlook

1. Chiral symmetry strongly constrains the interactions of a heavy
matter particle with an NG boson--the Weinberg-Tomozawa

potentials.

2. The NG boson nature of T, K, (and n) is responsible for generating

two nearby poles: one bound and one resonant.

3. The explicit chiral and SU(3) flavor symmetry breaking dictates
that the two relevant coupled channels are close to each other
such that the lineshapes of the two states overlap and create the

impression that there is only one state.
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Summary and outlook

OWe anticipate such two-pole structures in other systems governed
by the same chiral dynamics. We encourage dedicated experimental
and lattice QCD studies to verify the chiral dynamics underlying such

phenomena.

OWe stress that, as noted in the literature, flavor symmetry also plays
an important role, as it dictates the relative coupling strengths

between different channels.



Thanks a lot for your attention!
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An incomplete list of other related systems

0D (2300) = DZ(2100) + DZ(2450)

1. Three channels are at play: Dm(2005), Dn(2415), DSI?(2464)G o
uo, Shen, Chiang, Ping, and Zou,

2. LO results are much different from NLO results: PLB641, 278 (2006)
LO: Wy = 2439.8 — 43.1i W, =2100.0 — 100.9i

Albaladejo, Fernandez-Soler, Guo, and Nieves,

Distinguishable! PLB767, 465 (2017)
. _ +36 =5 _ +6 +10
NLO: Wy = 2451%38 — 13717 W, = 2105*8 — 102+19;
25{)() T T T T ] T T T ] 2650 L 4 T 4 J 1 T v ¥ ' T ' d 4 v
L N N ] 2600 F T '] 25
3R8= 3B6 D15. 2400 | S R 1 assof b 1150
S~ Lo PR $3 EL 1
attractive = 9300 18- S Sl A 4 - 2500 15
= .. - = . FF ]
< | e A 16 & 2450 b | e
~ =, L
et ] 1 = 2400 F
. S 2200 | 1 ] = [
U.'G. Meaner, 1 High pole ---- 4 2350 F 1 pound state memm—
] Low pole —— ] _:_ sirtual state EEEEEE
Symmetry 12, 2100 | : Dro(2317) —mv 2800 £ | onance :
1 Thresholds 1 2250 F threshold E
981 (2020) 2[]00 1 1 1 1 1 1 1 1 ] 2200 : — . . :
0 50 100 150 0 0.25 0.5 0.75 1 200 300 400 500 600

/2 (MeV) x M, [MeV]



An incomplete list of other related systems

|T| “p [Arbitrary units]

14000 |
12000?
10000;
sooo;
Bﬂﬂﬂé

4000 |

2000 /
0f

/

Dm(2005)

2.1

2.2

Ec m. [GeV]

2.3

2.4

D,K(2464)

DsKbar-Drt
Dn-Drt
Drr=-Drt
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An incomplete list of other related systems

ORelated to A(1405) by SU(3) flavor symmetry
1. S=-2 Z(1620) &. £(1690) A = 0.63 MeV——natural value
Coupled channels: nZ(1455), KA(1610), KX(1688), nZ(1865)
LO: Wy = 1687.0 — 0.8i W, = 1567.8 — 127.4i
Questionable Ramos, Oset, and Bennhold, PRL89, 252001 (2002)

NLO: also not good enough.
Feijoo, Valcarce Cadenas, and Magas, PLB841, 137927 (2023)
2. S=0 A = 0.65 GeV——natural value
Coupled channels: 7N (1075), nN(1485), KA(1610), KX(1688)
LO: Wy = 1506.8 — 80.2i W, =1162.3 — 159.5i
N*(1535)?

Chen, Niu, and Zheng, CPC46, 081001 (2022)



An incomplete list of other related systems

Of,(600) &.f,(980)
nr(276) and KK (990) molecules respectively.
Far-separated two channels, so that two states can be distinguished.



Further two-pole structures: singly charmed baryon

. . 9000 p— ) . r . r . .
OOverlapping line shapes peak
at slightly different positions s
and have much different widths. H
:; 4500 |
_ _ . <
OThe KX. -» w&. process receives =
: : = 250}
more contribution from the
higher pole, while the nZ; - nZ, oL | Y
2750 2800 2850 2900
couples more to the lower pole. E.. [MeV]

mE¢ invariant mass distribution as functions of E ;.

61



