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Exotic states

BRI A-E DR S

Exotic mesons or baryons Tetraquark states %% Pentaquark states
: ( )

E %%
- oy G BT %%
& égelsgg; E . (4020) ( Y 4220) ((f;;&) ) )l

(21317) Y(Tso) Y(4360) X(3I15) X(TM) (TOO) ( J ) Y(43f° (le) (( )) : )Y(40f5)
2003 2005 2006 2007 2009 2011 2013 2014 2015 2016 2018 2019 2020 2021 2022
T I I I ( I I X(3960)
X(3872) (4430) (4140) (4200) ( ) (3985) ( )
X(5568) ( ) ( )
E (3940) E . (10610) @ m ( ) B€S]]I (3875)
E (10650) %% %

(2940) E

I



Ground light baryons

Oground baryons

JP=1/2¢
n(udd) ¢ p(uud)
N0 ¥+
5-(dds) Aa‘[v‘uds)—’ s
3

=(dss) =%(uss)

: M=a+bY +c !I(I +1) — 51/2] REANTE =1670 MeV
% I8 =1672.45+0.29 MeV




Low-lying baryons with JP=1/2-

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

X(1620) 1/2— 1UP) = 1(37) Status: %

OMITTED FROM SUMMARY TABLE

» Two poles of ( )
» mass reverse problem
» Large couplings of N(1535) to

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

» Different lineshapes of ( ) [Z(%80) Bumps] 1" - 107 sews
> Missing ( / ) T T

(Y7)K* at 1.7 GeV/c. Also, the Y polarization oscillates in the
same region.
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Exotic structures of Hadrons

Conventional hadrons

Pentaquark

C.Z.Yuan, Nature Rev. Phys. 1 (2019) 480
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1/2- baryon nonet with strangeness
Zou, EPJA 35 (2008) 325

Mass pattern : quenched or unquenched ?

uds (L=1) 1/2= ~ A*(1670) ~ [us]|ds]
uud (L=1) 1/2- ~ N*(1535) ~ |ud]|us]
uds (L=1) 1/2= ~ A*(1405) ~ [ud]|su] u
uus (L=1) 1/2- ~ £*(1390) ~ [us][ud] d

Zou et al, NPA835 (2010) 199 ; CLAS, PRC87(2013)035206

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

N*(1535) large couplings gy.ng»> Sxeka » Enenm? En+ne
A*(1670) large coupling g,.,,
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Exp. signals of ( )

+ ,  t+ + + 0 * OpX pp— pK' Yﬂ*
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( / 7)-like structure

- ~, Belle, PRL130, 151903 (2023)

Counts / 2.0 MeV/c?

Counts / 2.0 MeV/c?

Pull

Pull

M\u Breit- ngner [GeV/c ]

Mode Egw MeV/c?) I' MeV/c?) 7> /NDF

Ax™ 14343 £0.6 11.3-£28 74.4/68
Arn~ 1438.5+ 0.9 33.0£75 92.3/68




Low-lying baryons with JP=1/2-

* Pentaquark;, s. L. zhu, etc. High Energy Phys. Nucl. Phys. 29, 250(2005).

Table 2. Flavor wave functions and masses of the % i pentaquark octet and singlet.
(v,1) 15 flavor wave functions masses (MeV)
Pa (1,%) % [sul ud]_s 1460
ny = % [ds][ud] _35 1460
Sd (0,1} 1 [sul[ud] _d 1360
52 0 —5 (Lo llud ]+ [ds] [ ] ) 1360
g e [dsI[ud] G 1360

[ud] sul u+ [ds][ud] -d-20sullds] s

{ 0,0 0 1533
\g (0,0) %

- 1 1 T

= (-1, 2) ) ds | lsu_d 1520
=h - % [ds][su] _5 1520

& (0.0) 0 (ud][su] 1+ [ds] [“;d]. d+ [sullds] s 1447




Low-lying baryons with JP=1/2-

* Pentaquark, c. Heiminen and D. 0. Riska, NPA699, 624(2002). PDG2001
[4]x[1111]cps[211]c Energy JF A (emp.) ¥ (emp.) |>—' (1560) Bumps| 17 = 107) s %%
[ f ] FS [ f] F [ f ] S ( MGV) OMITT!IE'EES EEt?yMlislfssUpTaTsArReroﬂzﬁBinusnass. spectra around 1560 MeV
[311ps[211][22]s 1509 1- A(1405) = (1560)(**)

—_ VALUE (MeV) EVTS
[311s[2111g[31]s 1O I E(1560)(**), £(1620)(**) | 1560 OUR ESTIMATE
% A(1520) 5 (1580)(**) 1553+ 7 121
157244 40
unknown. If indeed the A(1405) is partly a 5-quark state, [[IEHGEERETRECESS IS VALUE (MeV)
the X(1560) to be the analog of the A(1405), and thus that it has J© = s EEEENTRCRIE 7930
deed what the structure of the gggqgg spectrum shown in Table 7 indicates. This would 154 6

also explain why the usual quark-model description of the baryons as 3-quark states can-
not predict sufficiently low energies for the A(1405) and X£(1560) [4]. The £ (1480)(*)
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Low-lying baryons with JP=1/2-

OChiral Lagrangian

L\® = (Biy*V ,B) — Mp(BB)
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Searchfor ( / 7)

»hadron-hadron scattering,
» =production, -production
»charmed baryon decays
»charmonium decays
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Hadron-hadron scattering

O - - % 7, Wu-Dulat-Zou, PRD80(2009)017503

600 1;3 1;4 1;5 1;6 1;7 1;8 600 1.3 1.4 1.5 1.6 1.7 1.8

500 4

400 ~ <400 400:
Here we reexamine some old data of the K p—
A" 7~ reaction and find that besides the well-established
3*(1385) with J¥ = 3/2", there is indeed some evidence
for the possible existence of a new X* resonance with J© =
1/2" around the same mass but with broader decay width.
There are also indications for such a possibility in the
J/y — %Am and yn — K* X" reactions. At present,
the evidence is not strong. Therefore, high statistics studies

300 4 <300 3004

200 4 4200 2004

Events per 10 MeV
8

Events per 10 MeV

4100 100

Ms-+3/) Is+a/2) Ms-(1/2) Is+1/2) x> /ndf (Fig. 1) x*/ndf (Fig. 2)
Fitl 1385.3 + 0.7 469 + 25 68.5/54 10.1/9
Fit2 1386.1* 1 34.9+5) 1381.3+49 118.6+532 58.0/51 3.2/9
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J.J.Wu’s slide

Kp—=An'n R o
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Hadron-hadron scattering

° — y JJXie, JJWu, and BSZou, PRC90(2014)055204
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The X*(1385) resonance can not reprr.}duce the near
threshold enhancement for the Ap — Apm? reaction be-
cause it decays tp 7A in relative P-wave and is suppressed
at low energies. On the mntrary, the newly E*(BS{})
state decays to 71':& in rela,tlve S-wave, and can describe
the near thIEbhﬁld enhancement fmrly well, which indi-
cate that the ﬂp — Apn data support the existence
of this ©*(1380) state, and more accurate data for thl‘:

.
PSP . P PUNPLI SRR | TIPS PEn- Y TR (LGP PRy N ESOPRIE Ry
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/ -production

. o ( ), Gao-Wu-Zou, PRC 81(2010) 055203
12 — T T : ; ' 08 0.6
ol ‘ oso, 0610 | | Whng-NCWei-Huang, 220110778
09} 041 o _ o 2(19 0)52
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photoproduction in our experiments. Our re and, in particular, to figure out which one of the N(1895)1/2, A(1900)1/2~, and A(1930)5/2"

_. - Bt L resonances is really capable for a s1mu1taneous descrlptlon of the data, for both K +E°(1385) and
; R K“'E (1385) photoproductlon rea.ctlon - ;

ther than the other two. The generalized
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. With a portion of the (3 ), the same set of
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/ -production

O photoproduction, Roca-Oset, PRC 88, 055206 (2013)
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FIG. 6. Predicted K~ p «cross sections (in millibarns).
Experimental data are from Ref. [46].
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/ -production

> ( /7 7)), Lyu—EW—Xie—Wei, CPC47 (2023) 053108
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*JJWu and BSZou, Few Body Syst. 56 (2015) 4-5, 165

/ = p ro d u Ctl on -XLRen, Oset, Nieves, PRC91 (2015) 045201
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Charmed baryon decays
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Mechanism of N

1,74 o

AF ( au + dd + §s

Y
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Mg — My + i
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5 | (=tsis L2 G My s (M)
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3
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Counts

Analysis the Belle data

O - , GYW-EW-Xie-Geng-Wei, PRD 106, 056001 (2022)
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By regarding the ( ) as the molecule, we could well
reproduce the Belle data of the mass distributions.

1.2
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Dalitz plot of -
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Belle measurements

O . * T 7, Belle, PRL130, 151903 (2023)
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Mode Egw MeV/c?) I (MeV/c?) +*/NDF
Ant 14343 £ 0.6 11.5+2.8 74.4/68
An~ 1438.5+ 0.9 33.0+75 92.3/68
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Evidence of ( )

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

tﬁj’—}ﬂ*’f(*—p = Ao - €,

AUpt rr gy 1 2My32M,
dMi (K*p)  (27)° éLMi;F

g 2
3 X T naee il

B(A} — nt K*~p) = (1.4£0.5) x 102

pﬂ+ﬁK*_

|A|? = (3.94+1.4) x 10716 MeV—2

Lvpp = —1g < V'u"[P, GP] B

Liv_ 7= —1ig (K*_)'u (TT_auKD = Bﬂw‘f(‘)).
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Evidence of ( )

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

ja _/‘ d*q 2M, 1
K (27!')3 Swpr"wRO k2 — WK+ —Wgo + 2212‘:
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PO + wp + wio —kg( |k|2)
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1

X (19)

Po—wp—wKn—k2+z'E’
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Evidence of (
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Evidence of ( )

O . T T 7, Lyu-GYW-EW-Xie-Geng, to prepare
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+ + -

Results of N
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Charmed baryon decay

¢ — s KWang,YFWang, BCLiu, and Fhuang, 2408.12965
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Charmonium decays
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Two polesof ( / ™)

PHYSICAL REVIEW LETTERS 130, 071902 (2023)

Cross-Channel Constraints on Resonant Antikaon-Nucleon Scattering

Jun-Xu Lu ,1‘2 Li-Sheng Geng ,3'2’4’5‘* Michael Doering ,6'? 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

OThe missing ( / 7) is important for understanding the
baryon spectrum.

Ointernal structure: compact pentaquark & molecule
OSearchingfor ( / 7) in
» Hadron-hadron scattering

>/ 'prOdUCthn https://indico.ihep.ac.cn/event/23232/
» Charmed baryon decays FRENTWEXE RS

_ 2024117 8H-12H, A&
» Charmonium decays

Thank you very much!
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