Study the low-lying excited baryons
in the decays of charmed hadrons
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’I Exotic states From Li-Sheng Geng

_ Exotic mesons or baryons  Tetraquark states ﬁ% Pentaquark states
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Hadrons
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Conventional hadrons
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C.Z.Yuan, Nature Rev. Phys. 1 (2019) 480
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’I Ground light baryons
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OGround baryons
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1/2~ baryon nonet with strangeness
Zou, EPJA 35 (2008) 325
Mass pattern : quenched or unquenched ?
uds (L=1) 12- ~ A*(1670) ~ [us][ds] s
uud (L=1) 12- ~ N*(1535) ~ [ud][us] s
uds (L=1) 1/2- ~ A*(1405) ~ [ud][su] u

uus (L=1) 1/2- ~ Z*(1390) ~ |us]|ud] d
Zou et al, NPA835 (2010) 199 ; CLAS, PRC87(2013)035206

Strange decays of N*(1535) and A*(1670) :

N*(1535) large couplings Enenn o BN*KA * Enonm'? BN*Ng
A*(1670) large coupling g,.,,

SRktRE MRS

Citation: R.L. Workman et al. (Particle Data Group), Prog. Theor.Exp.Phys. 2022, 083C01 (2022)

2(1620) 1/2_ I(JP) = 1(%_) Status: K

OMITTED FROM SUMMARY TABLE

Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 updat

2(1480) Bumps ’(JP) 1(??) Status: X

OMITTED FROM SUMMARY TABLE

These are peaks seen in A7 and X 7 spectra in the reaction 7 p —

(Y7)K' at 1.7 GeV/c. Also, the Y polarization oscillates in the
same region.
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/Y Exp. signals of ( )

+ o+

- + o+ Opx pp — pK! yv*
Yu-Li Pan et al, PRD2, 449 (1970)  zEUS PLB591 (2004) 7-22 COSY-Juich PRL 96, 012002 (2006)
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’I Evidenceof ( / ™)

— + —_—
O - ,  Wu-Dulat-Zou, PRD80(2009)017503
600 e 18 1T 18 600 gy 13 14 15 16 17 18 AN " I
| | L) - T L T L] L L T = L] - (l'

500 - 1500 50 | x py X p2 X Z 3 3 ,2 2 =k
> ] [ - dm S (my, —mp) +mi XT5
S 400 1400 = 4004 400
= o0 1400 = Here we reexamine some old data of the K p—
g g ¥ 1% A#* 7~ reaction and find that besides the well-established
£ 200 {200 £ 500 1200 >.*(1385) with J¥ = 3/2", there is indeed some evidence
3 100 1 liw & - - for the possible existence of a new ;* resonance with .I P=

. . 1/2 around the same mass but with broader decay width.
0 . o o There are also indications for such a possibility in the
13 14 15 16 17 18 13 14 15 16 17 18 j/q[; — 2A7 and yn — K*2*  reactions. At present,
M, (GeV) M, r-(Gev) the evidence is not strong. Therefore, high statistics studies
Fitl 1385.3 = 0.7 46.9 + 2.5 68.5/54 10.1/9
Fit2 i N MO 1381.3*%3 I I8.6*§2:f 58.0/51 3.2/9
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7/ [ Evidenceof ( / 7)

K—p —3 ATC+TC_ K. . f"_,.n* J.J.Wu’s slide

&'\ (1520) . -~ .-"Ri
PK:O_3-0.6 GeV J.J.Wu, S. Dulat and B. S. Zou PRC 81,045210 P = 4
or 1/
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’ Search for ( / 7)

> o , Xie-Geng, PRD95(2017) 074024

> - (/ 7), Lyu-EW-Xie-Wei, CPC47 (2023) 053108
> .7 EW-Xie-Oset, PLB753(2016)526

> -, EW-Xie-Oset, PRD98(2018)114017

> . * * = Xie-Oset, Phys.Lett.B 792 (2019) 450

» 5 (/7 7) ,Kim-Nam-Hosaka, PRD(2021)114017
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’ Low-lying baryons with JF=1/2-

OChiral Lagrangian

V.B=d,B+[l,,B],

(B) _ _ ry,=4w*d,u+udu*), Oset Ramos,
L{® = (Biy*V ,B) — My(BB) Uil =cxp(ivio)fy,  NPA635(1998)99

%D(B'}f Y5 {HusB}}+l§F{B}’u75[“#=B]> u,=iuto, Uu”
= M ’

| 4 1 1
e Al ™ K* \ I —. | g
D= T ——l—ﬂ'ﬂ-i- J—‘FJ K? ; B = X~ —Lzﬂ+ —l-fl n
V2 V6 5 V2 7B ;
K~ K° L = =0 -7
l — ! !

At lowest order in momentum Vi; = —ij4—f2u(p )y ulp) (ky + k)

5 Neglect the spatial components at
L\® = (Biy* 4f2 [ (93, P — 3,PD)B — B(P3,® — 3,DP)]),

low energies

"’r;; = :j4f2 (kﬂ + kﬂ:}}
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’ Low-lying baryons with JF=1/2-
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’ Low-lying baryons with JF=1/2-

OBethe-Salpter Equation Jido Oller Oset Ramos Meissner

NPA725 (2003) 181
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’I ( / 7)inthe photoproduction

O photoproduction, Roca-Oset, PRC 88, 055206 (2013)
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/¢ >(1430)

O photoproduction, Roca-Oset, PRC 88, 055206 (2013)
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OOller-Meifiner, Phys. Lett. B 500 (2001) 263 [hep-ph/0011146]
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[1J.J.Xie, L.S.Geng, EPJC76(2016) 496, PRD95(2017) 074024
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’I Belle and BESIII measurements
o -
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’ Mechanism of

COTheometical model
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Analysis the Belle data

O - ,» GYW-EW-Xie-Geng-Wei, PRD 106, 056001 (2022)
i 800 5 (vemmvemmpen ympyep—p——y—p—r——r——————
1200 ¢ MB 1 700 b MB
1000 ‘_(13%2: E 1 600 F \(13':;24} ] 400 f- | e
¢ 5(1385) -+
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2 2 v Belle it » 300
: o0 ol Ak
8 o 3 ool III}IIIIII I 1 B2 st
200 200} ljﬁl ] |
o o sgdmei | o
200 ) | L L L L L o bt = | b eas s arasepse quen e Wi sii .~~-'L " “"' 3 LT 3 | |-\ B
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By regarding the ( ) as the molecule, we could well

reproduce the Belle data of the mass distributions.
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’ Dalitz plot of
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(/ )in

OlIntermediate of ( / 7)
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V& The results with/without (
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’ Belle measurements

O . T 7, Belle, PRL130, 151903 (2023)
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(a) M, _Breit-Wigner [GeV/c’]
Mode Egw MeV/c?) I’ MeV/c?) x> /NDF
Ar™ 1434.3 £ 0.6 LS = LR 74.4/68
Az~ 1438.5+0.9 33.0+7.5 92.3/68
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/S Evidence of (

+ +
O - Dai-Pavao-Sakai-Oset, PRD 97, 116004 (2018)
Xie-Oset, PLB 792, 450-453 (2019)

. N

AU A+ Lyt Ko 1 2M,+2M,
dMiny(K*~p)  (27m)3 4AMZ,

& 2
% Z Z |ti\i—>W+K*_p’ ’

/ B(A} - ntK*~p) = (1.4£0.5) x 102

tAj-—:—:rr-f-K*_p = Ao - €,

p'JTJFﬁK*—

|A]2 = (3.94+1.4) x 10716 MeV 2

Lyvpp = —ig < V‘U”[P, OP] e

Liw_ g = —1g (K*_)’u (n=8,K" — 9,7 K).
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/S Evidence of (

ot a __
‘ M® = tk-n—n-A T=1-VG|V
E. Oset, A. Ramos, NPA 635, 99
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’ Evidence of

D . + +
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V¥ Evidence of ( )

O - * 7 7, Lyu-GYW-EW-Xie-Geng, to prepare
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’ Results of

dI/dM,- 5 (x107'%)
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/@4 Search for ( / 7)in other processes
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/S Two polesof ( / )

PHYSICAL REVIEW LETTERS 130, 071902 (2023)

Cross-Channel Constraints on Resonant Antikaon-Nucleon Scattering

Jun-Xu Lu®,'” Li-Sheng Geng 2" Michael Doering %7 and Maxim Mai®®°
'School of Space and Environment, Beijing 102206, China
2School of Physics, Beihang University, Beijing 102206, China

It is interesting to note that in our NNLO fit there exist two I = 1 states around the K N threshold located at (1435, —39) MeV
and (1440, —135) MeV on the (— — + + ++) sheet, the order of which corresponds to mA, X, KN, nA, nX, KZ respectively.
Both states are well above the K~ p threshold and appear as cusps on the real axis. In the Fit “NNLO*” in which the constraints
from baryon masses are omitted, the two / = 1 states are located at (1364, —110) MeV and (1432, —18) MeV also on the
(— — + -+ ++) sheet. In this case, the narrower state still shows up as a cusp but the broader one becomes a broad enhancement

on the / = 1 amplitude on the real axis. We note that the existence of a X*( % ) state has been predicted in a number of UChPT

Are there two polesof ( / 7)?
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’ Summary

» Belle measurements of - show some hints of the
( / 7), and the more precise measurements could be used
to test the existenceof ( / 7).

»The cusp structure around 1430 MeVin - could
be associated with the ( ).

»Some processes could be used to search for ( / 7), such as

- ’ - ’ - (/_)

Thank you very much!




