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( ): why is it special

In the constituent quark model, &
PDG IS the first P-wave orbital excitation of
) nefc ,°Y p the ground -state baryon & )
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( ): predicted before discovery as L b state

Possible Resonant State in Pion-Hyperon Scattering

R. H. Dalitz and S. F. Tuan ) )
Phys. Rev. Lett. 2, 425 — Published 15 May 1959 Predicted in 1959

Study of Resonances of the X' — w System

Margaret H. Alston, Luis W. Alvarez, Philippe Eberhard, Myron L. Good, William Graziano, Harold
Stanley G. Wojcicki

Phys. Rev. Lett. 6, 698 — Published 15 June 1961 Discovered 1n 1961
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Spin and parity measurement of the A(1405) baryon y+p— K + A(1405)

K. Moriya et al. (CLAS Collaboration)

Phys. Rev. Lett. 112, 082004 — Published 28 February 2014 Spm & Parity measured 2014
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( ) as a dynamically generated state

A Modern picture for & ):a ltdl pound state dynamically generated by

coupled -channel chiral dynamics  implemented inthe so  -called chiral

unitary approaches
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Unexpected two
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Evidence for the two -pole structure of the &

PRL 95, 052301 (2005)

PHYSICAL REVIEW LETTERS

week ending
29 JULY 2005

) state

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

V.K. Magas,1 E. Oset,1 and A. Rz;1mo§2

'Departamento de Fisica Tedrica and IFIC, Centro Mixto, Institutos de Investigacion de Paterna—Universidad de Valencia-CSIC,

Apartado correos 22085, 46071, Valencia, Spain

*Departament d’Estructura i Constituents de la Matéria, Universitat de Barcelona, Diagonal 647, 08028 Barcelona, Spain

(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
forming the A(1405) shows, in agreement with a recent experiment, a peak at 1420 MeV and a relatively
narrow width of I' = 38 MeV. The mechanism for the reaction is largely dominated by the emission of a
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
is narrow and of higher energy than the nominal A(1405). This is unlike the 7~ p — K%#2 reaction,
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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Meson -baryon scattering up to N2LO, Jun-Xu Lu, LSG*, M. Doering and M. Mai, P RL130, 071902(2023)
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Latest lattice QCD  study
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Two-Pole Nature of the A(1405) Resonance from Lattice QCD I # }I
John Bulava, Barbara Cid-Mora, Andrew D. Hanlon, Ben Hérz, Daniel Mohler, Colin Morningstar, Joseph S‘: 741 I I ]I I } I
Moscoso, Amy Nicholson, Fernando Romero-Lépez, Sarah Skinner, and André Walker-Loud (Baryon Scattering Nag
(BaSc) Collaboration) £72 e S KN
Phys. Rev. Lett. 132, 051901 — Published 30 January 2024 & I I f | } { 1t
7.0
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
theoretically and experimentally. Using single-baryon and meson-baryon operators to extract the
finite-volume stationary-state energies to obtain the scattering amplitudes at slightly unphysical . .
quark masses corresponding to m, ~ 200 MeV and my = 487 MeV, this study finds the amplitudes Two poles are found on the (—, +) 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. B :1392(9) (2)(16) MeV,
B, =[1455(13)(2)(17) — i11.5(4.4)(4)(0.1)] MeV,

G1.(0) Gi(1) G(2) G(3)

(6)

L] Z MeV,
avirtual bound state below Z # and a

and their couplings

resonant ) state just below L jll)z) — 1.9(4)(6), ;}) —0.53(9)(10).  (7)

support the two-pole structure suggested
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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 Y, 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: and L
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Comprehensive review from the flavor -symmetry perspective
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SU(3) group -theoretical explanation

A SU(3) symmetry decomposition

8R8=108, ®8, PI0P 1027

Baryon octet -NGB octet

Potential in this basis

Vup = diag(6, 3, 3,0,0, —2)

attractive



SU(3) group -theoretical explanation

K°

Baryon octet -NGB octet
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More can be asked

A Two -pole structures are not just two states
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More can be asked

A Two -pole structures are not just two states

A Many questions can be asked
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Three questions to ask/answer (not by flavor sym.)
oy, 2

Is the coupling between v 0 and “+t important?

Q

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

Whether is the energy dependence of the WT potential relevant?
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Chiral unitary approach

¢ leading order
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( )¢ dynamically generated in Chiral Unitary Approaches
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Seege.g., Oller Oset and RamosPNP45, 15725(2000)



Q1: Is the coupling between 00 and “t important ?

A To simplify the discussion, consider only the two most relevant
channels around 1400 MeV: [ L ZH( )-- equivalent to
the full four -body analysis

(i With the subtraction constants: = 8 ¥ 8 ,we obtain two
poles: - 8 8 8 8 (to be compared with the
four -channel results) w PT@T PR D poPw o BF

A We gradually turn off the intra -channel coupling to see what

happens, i.e., whether the coupling is important
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A Multiply afactor m @ p, 20— ———————————————
to the off -diagonal matrix | o ]
elements of the WT potential Op i \ """
[ Higher pole ]
O 3 — %“I % _20_— Lower pole x=1 |
1] 1 % 40 F : . i _
S nx(1330) KN(1433).
A Even in the limit of complete — -60r x=1 T
decoupling (w ™), there are P / -
still two poles between the o N
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Q1: Is the coupling Important?
A Multiply a factor ™ @ p, 20 T
to the off -diagonal matrix oL
elements of the WT potential | \ -
' Higher pole ]
¢ . _3 . — -20' o i T
Cyi = 3 5 E | Lower pole x=1 -
4 = 40 | _ l
N ' 12(1330) KN(1433)
£ | |
AH hbqg wkh forl pd ovh™who] x=1
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Coupling not necessary for two poles but

relevant for the decay



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

AWKk gl dj rfgkdloudo ZW sro¥h giwkeb0gjkdgghov I,v ohv\
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Q2: How does the nature of NG bosons play a role?

A The diagonal chiral WT potential (  since coupling bw the two channels is less relevant )

§ 0
VEN-_KN (\ﬁ) - 1_/3E11 - _m\/”’ +q2, q 496 MeV
8 a p o MeV
Vas—zy (\/:) = = 1—/2 Er = 1/2\/m~ + q°.
U Explicit chiral symmetry breaking leads to Oz L O As aresult, close

to the respective thresholds,the 00 p T o imteraction is stronger than
the “4(p o g one, which leads to a Ld bound state
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A The diagonal chiral WT potential (  since coupling bw two channels is less relevant )

6 6
VHN—I{N (\ﬁ) - 1_/2EI‘L - _m\/!” T ([ a 496 MeV
3 a p o MeV
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wkh@odomgte/kl bk dygnd L er x qgugwd wh
U The small pion mass combined with the A (energy) -dependence of the
Interaction is responsible for the dynamical generation of a ( )

resonance , because a momentum -independent potential cannot generate S -
wave resonances .



Role of explicit chiral symmetry breaking

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

A Forthe pion mass dependence of the mesons and baryons, we
follow the PACS CS tra|ectorv
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Variation of higher  pole with m oo simple

A As O 7 increases , both the real
and the imaginary parts of the _
higher pole decrease, which 5L ——KNpole
indicates that the effective L

attraction becomes  weaker and _
the coupling to “t1 decreases as 6k -

well. | //}/’/

-8 ‘m =137 _ "

Im z, [MeV]

AQr wh wkdw wkh wzr wkuoshvRkroggy——

dovr | odfvmaldgvihu hdv hvl Re zp-(mg+My) [MeV]
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Variation of lower  pole with m : complicated

30—
A For | C T MeV, it - bound th =297
becomes a virtual resonance U mfé“’l; ------------------------
i -3 m,= ]
from a resonant state. " 7'( —— 71X pole

Im z; [MeV]
//
././. ]
- /\ \j

| 60} :
A For a pion mass of about | 1T -
. ! m_=137
300 MeV , it becomes a ool | | —
bound state and remains so | 1261 R T T
up to the pion mass of 500 Ry B B
MeV. 60 40 20 0 20 40 60

Re zp-(m +My) [MeV]
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Variation of lower  pole with m : complicated

30

Al ru c¢cmRhY Il w
ehfrphvyl uwxdo uhvr Y
i urp d uhvrgdgw vg\/qo\[{vhl
=
. g -60
A For a pion mass of about =
300 MeV , it becomes a 90k |
bound state and remains so | virtual resonant
up to the pion mass of 500 olb_
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 @

<15)



Q3: Is energy dependence of WT

dependence.

otential

relevant?

Vij

Cij

— (2v/5 — M; — M;) = — 2 (E; + E;)

4f?

C
4f
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Te=LWwqghuj | ghs hqgg hsgrf wh awl dZow
MW B Vo — S e WA — )

C,;
- Y (g1 E
4](;2 ( l+ J)

AReplace the . mwith 0. O ie. eliminate the energy
dependence.
A With the original subtraction constants, we obtain only one pole at

PT @0 p & ,;Qorrespondingtoa LU bound state.



Q3: Is energy dependence of WT otential relevant?

%j%(QﬁﬂliA[j) ~%(E,-+Ej)
AReplace the [ E=with 0. 05 ie. eliminate the energy
dependence.
A With the original subtraction constants, we obtain only one pole at

PT @0 p & ,;Qorrespondingtoa LU bound state.

A Switching off the off -diagonal interaction affects little our conclusion.



Q3: Is energy dependence of WT otential relevant?

~ 17 (V5 — M; — Mj) = — 24 (B: + )

Vij =

ghshgghgf hl

AZl wk wkh ruljlgdo vxewudf wlrraggh fsrdaevhwd
pT@op@N fruuhvsrgwemlyqagourvwdwhl

AVz! wf kl gj Ggil idjwikiior iligwhudf wl rqg diihf
frqgqfoxvlrgl

ADv wkh slrq pdvv | v pxfk vpdoohu wkd
ri wkfhkdggho | v pxf k zhdnohvwd kwlkdydk ovivk d w
fdggrw vxssruw #l erxgg vwdwh



Q3: Is energy dependence of WT otential relevant?

AReplacethe [ @Ewith O 0Oy i.e. eliminate the energy dependence.

A With the original subtraction constants, we obtain only one pole at
PT @0 p & ;Qorrespondingtoa LU bound state.

A Switching off the off -diagonal interaction affects little our conclusion.

A As the pion mass is much smaller than the kaon mass, the attraction of the
“+ channel is much weaker than that of the 00 channel, thus cannot
support a bound state

A If 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?

G Wkhghughshgghgfh 7%

wkh ZW sriwhgwl do | :Ez:;faff:;e )
uhvsrqgqviwloin 1450 KN(1433) ~
hphuj higitwlz @& r o h _ T""“‘Q.}% ““““““““ -
vwux fwkwehgtil ghg 3, 7 |

k h U h 1 ; 1393.1-68.7i

UWkdw | v/ wkh dssh B30 .>

wzr vwdwhv ehwzhh T T T T T T T T T T T T AT T T s a330)
uhohydgw fkdgghovVv 3

wkh| ryhuods]l



E( ) @) pIc(p )Y pNd pquoxaS#8E wnm mSt

A Replace the baryon octet with the vector nonet
1 Vij(s)=—¢€"-¢ -8sz [35—(]\[“+m +J\[2+m)
£ = ——Tr([V*,8°V,] [, 8,8
P‘ 4f2 1([ /H ]) 1(]\[2—1)) )(]\[2—1115) :

Simplified as the light mass of NGB anthmchiral limitofo 0 k 0 Vij(s) = —€i - ¢ Cij AM (E; + E;)
1] \* - - 8](2 1

AFr x sofhkgd g g B@v = [zl WA O pex/P—ptT T/ PLUPU

2 4 £ 0 /2 Ur f BY dvg g
2o PRI
Cij = 0 § 0 3

LSG, Oset, Roca,
and Oller, PRDY75,

014017 (2007)
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@) pfc(ofc )ZY cN0 pyYcmwaS#mIct aSsSt

K° S K*
sd g su
\ |
f
/ /XO' ij — 1M Cff (ko +k 0)'
Llad A oWgy 12 g, ! 5 4f
m X/ mom ™1, S
A \ /
us ds
. 4 o Poles |gi| gi channels

B 1824 — 31i 3.02 3.22 — 0.096i Ky*
y - 1.71 1.55 + 0.73i T=*
Cij Y Tk =% 0K 2.61 2.58 — 0.38i n="*
~ 1.62 1.47 +0.67i KQ

Y*K 2 1 3 0 i -
1875 — 130i 213 0.29 + 2.11i Ky*
= ) 0 % 3.04 _2.07 +2.23j =+
5 2.20 1.11 + 1.90i n="*
2 3.03 —1.77 + 2.45j K<

QLK 3 s = 830 MeV, f = 1.28f.

S. SarkaE.Oset M.J. Vicente/acas, NPA75@Q05) 294323
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Experimental evidence?
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ARTICLE INFO

ABSTRACT

Editor: A. Ringwald

We recall that the chiral unitary approach for the interaction of pseudoscalar mesons with the baryons of the
decuplet predicts two states for the Z(1820) resonance, one with a narrow width and the other one with a
large width. We contrast this fact with the recent BESIII measurement 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
consideration of the two =(1820) states provides a natural explanation to the experimental data.
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Further two -pole structures: singly charmed baryon

A NGB scattering off a singly -
charmed baryon
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d ¥(p T ndfirst exotic hadron and two -pole structures
d Two -pole structures: flavor symmetry/group  theory
d Two -pole structures: chiral dynamics at work

d Test the flavor content of the two poles

d Summary and outlook
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ldentifying flavor
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ldentifying flavor

-frgwhagw r I

w Kk h

WZIT S

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

0.00

-0.05¢
: - 405

[ mmm (380 2 ©

-0.101

= 1680

Im W [GeV]

-0.15+

Im W [GeV]

0.00

-0.05+
[ w1405

[ w380

-0.10F

-0.15F

680

lllllllllllllllllllllllllll

Re W [GeV]

Re W [GeV]

S yiAdydzz BZY AR YX & h | EAYOIDF@ISA Bx/ B/Nibe n Mo y H c N

A Wk k| j kshruo h

\'

pr uls, vrlig jdogwakibkz4#s m oh | v

6] r fdwgh WIX +

48

I



ldentifying flavor -f r gwhqgw ri1  wkh wzr s

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

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

Y Y
> ~ >
-
[ Z
(a) (b)
A Lis a charmonium or bottomonium, such as b r 5I—% , but an SU(3) singlet

A @is an SU(3) octet, thenthe  Z pair must be an SU(3) octet ¢ higher pole
A &1520) is an SU(3) singlet, then the Z pair must be an SU(3) singlet ¢ lower pole
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ldentifying flavor
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1. Chiral symmetry strongly constrains the interactions of a heavy
matter particle with an NG boson  --the Weinberg -Tomozawa

potentials.

2. Tkh QJ ervr g gdwxuh isrraspofisible fbr/generating g

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

A We 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.

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

between different channels.
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