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Exotic states

BKSL T4

Exotic mesons or baryons Tetraquark states %% Pentaquark states
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Ground light baryons

OGround light mesons and baryons

mi /R &-RAR AR RRARHS:  =1670 MeV
F.  =1672.45+0.29 MeV
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Low-lying baryons with JP=1/2-

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

» Two poles of ( )

» mass reverse problem

» Large couplings of N(1535) to |
» Different lineshapes of ( )
» Missing ( / 7)

2(1620) 1/2_ ’(JP) = 1(%_) Status: X
OMITTED FROM SUMMARY TABLE

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

IZ(1480) Bumpsl 1(JP) = 1(??) Status: *

OMITTED FROM SUMMARY TABLE

These are peaks seen in Aw and ¥ 7 spectra in the reaction # " p —
(Yx)K*' at 1.7 GeV/c. Also, the Y polarization oscillates in the
same region.

[ (b)x1'03” AT]._”.I”'
400f L 0
5 < 20l cusp? Dip? peak?
Q B @
3 20 e | ]
s L — 3
a1} : g L
3 200 3'°r
N = [
O ] s
100H & [
i 4
I . B
1 & O
0 2

155 1.6 1.65 1.7 175
M(pK) [GeV/c?)

M(nA) [GeV/c?]

PLB527(2002) 99 Belle, PRD103(2021)052005 Belle: PRD108 (2023) L031104



Exotic structures of Hadrons

qqq in L=1 qqqqgq in s-wave o

Molecule

C.Z.Yuan, Nature Rev. Phys. 1 (2019) 480 The low-lying excited baryons with J’=1/2- have different
explanations, such as compact pentaquark, or the molecular.



Low-lying baryons

Omass reverse problem

1700

1600

—~

(MeV

1400

1300

Quark model REP Pentaquark Molecule
@ =})-(1755)
X12-(1630) 507 N
@ Zip-(16 @ =(1620)? =4,-(1607)
V A -(1550) .
_ =* . (154
A N(1535) * S1yr(1520) A Ni/-(1508)
. Ni/o-(1460 ‘ ;
A Ni-(1460) A 740 Z/2-(1432)
W A(1405) Arp-(1447) | 'V A1po-(1425)

@ =i/-(1360)

V Aip-(1392)
X1/-(1364)

Review on 2(1/27), EWang, LSGeng, JJWu,
JJXie, and BSZou, CPL41(2024)101401

AR VKA Iib 5 o

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) 12~ ~ =*(1390) ~ [us][ud] d
Zou et al, NPA835 (2010) 199 ; CLAS, PRC87(2013)035206

S
S

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

N*(1535) lal’ge Couplings gN*Nn’ gN"‘KA ’ gN*Nn!! gN*N¢
A*(1670) large coupling g,.,,

» The mass of A(1405) has an s qurak, but its mass is smaller that the N(1535).

» The radial excited N(1440) with

= 1/27 is smaller than the mass of the N(1535) (1/2-).



Exp. signals of ( )

+ + + " + 0
Yu-Li Pan et al, PRD2, 449 (1970)  ZEUS PLB591 (2004) 7—22 COSY-Jusich PRL 96, 012002 (2006)
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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 % ) pentaquark octet and singlet.
(v,n I3 flavor wave functions masses (MeV)

1 1 ‘ .
PR (],7) ] Lsul ud _s 1460
e _% [ds][ud] _3 1460
oo (0,1) 1 [sullud] d 1360
> 0 %(_su_[udﬂ__ﬁ+[ds]fud1-a) 1360
b2y -1 [ds][ud]_T 1360
A (0.0) 0 [ud][su] _w+ [ds]\_lj;l] -d-2"sul[ds] _s 1533
= (-1 1) 1 (ds]lsu] _d 1520
=5 ) 2 wenllmle
—_ 1 ‘ :
=h -5 Lds) . sul_u 1520

sul_u 1. ds] _s

A (©.0) i [ud][su] u+[ds/[ud] d+[sullds] i

A
¥3




Low-lying baryons with JP=1/2-

* Pentaquark, c. Helminen and D. O. Riska, NPA699, 624(2002). PDG2001
[4]x[1111]cps[211]c Energy J¥ A (emp.) ¥ (emp.) |>—' (1560) Bumpsl PR Sl e, R
[f]FS[f]F[f]S (MeV) OMITTEEES Est?yhTistssUpTaTsArRerortzﬁBinufnass spectra around 1560 MeV

without implying that they are necessarily related.
[311ps[211]E[22]5 1509 3 A(1405) ¥ (1560)(**)
_ VALUE (MeV) EVTS
[31]ps[211]g[31]g 1563 % L(1560)(**), Z(1620)(**) a 1560 OUR ESTIMATE
% A(1520) 5 (1580)(**) 155347 121
157214 40
unknown. If indeed the A(1405) 1s partly a S-quark state, IR w)c n;m‘u to expect i i
the X (1560) to be the analog of the A(1405), and thus that it has J© = EEENITETEHE 79430
deed what the structure of the gggqqg spectrum shown in Table 7 indicates. This would i

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)(*)




Low-lying baryons with JP=1/2-

CChiral Lagrangian

L\® = (Biy*V ,B) — Mp(BB)
,{.ED(B); ¥s {u“,B}}-i-%F(B}'#Tﬁ[”wB])

=10/ —m— 1580
v K0 + K - =
ij = i -
! "4f2( ) 200 -
3
8i8j = 1507 —e— disappear
I = [1 - W}'] =1 1% ‘TIJ‘ — ] . (I=])ppe x=0.5
£ —ZR N 100+
§ —=— 1390| x=1.0 4
d‘*q M; 1 | 50 (1=0) —4— 1426 —EI(—I 106)80
Gi=i . = 5
(2m)* Ei(q) k° + p® — q° — Ei(q) + i€ q* — m] + i€ . 2 e——eee sl
T T =0, T — |
_ g |1 M; 1 1300 1200 | 1500 1600 1700
(2m)* 2wi(q) Ei(q) p° + K° — wi(q) — E/(q) + i€’ Singlet Ot Rez; [Mav]

Jido Oller Oset Ramos Meissner NPA725 (2003) 181
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-production

O photoproduction, Roca-Oset, PRC 88, 055206 (2013)
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Oset-Ramos, NPA635 (1998)
PB,VB, Hosaka, PRD 85, 114020 (2012)
Oller-Meifiner, Phys. Lett. B 500 (2001) 263
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FIG. 6. Predicted K p cross sections (in millibarns).
Experimental data are from Ref. [46].
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( / 7)-like structure

O . T 7 7, Belle, PRL130, 151903 (2023)

z 2
3 of S
| e M . i . W
= o Im q Ha uuu T A ST
a Of HFWH%}“H{”M*}W}‘F’ - | ul
2f S 0 HJ #h ﬂ N @4 [l
1.35 1.45 155 & of ”F W'ﬂ' 'ﬁi”f W* ¥ #MW
MAHBrelt -Wigner [GeV/cz] 1.35 1.45 1_55
(a) MM_Brelt Wigner [GeV/c ]

Mode Egw (MeV/c?) I MeV/c?) x> /NDF Y. Y. Li, J. Song, E. Oset, W. H. Liang and R. Molina,
Axt 14343 + 0.6 115+ 2.8 74.4/68 Eur. Phys. J. C 85 (2025) no.9, 1086
Ar~ 14385+ 0.9 330175 92.3/68 J. He, Phys. Rev. C 112 (2025) no.1, 015205
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Hadron-hadron scattering

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

Events per 10 MeV

600

500 4

400 4 -1400 4004

Here we reexamine some old data of the K p—
A" 7~ reaction and find that besides the well-established
>.*(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/¢ — 2Am and yn — K X" reactions. At present,
the evidence is not strong. Therefore, high statistics studies

300 4 4300 300 -

200 4

4200 2004

Events per 10 MeV

4100 1004

My:3/2) I's+a/2) Ms+(1/2) [s+1/2) x> /ndf (Fig. 1) x> /ndf (Fig. 2)
Fitl 1385.3 + 0.7 469 + 2.5 68.5/54 10.1/9
Fit2 1386.1* )4 34.9+31 1381.3*33 118.6*332 58.0/51 3.2/9
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J.J.Wu'’s slide

" 7
= 3 + K o
K-p > An'n S
- e —
P,=0.3-0.6 GeV J.J.Wu,s. Dulat and B. S. Zou PRC 81,045210 : R

ik 370-380 MeV/c -
200 F ) 300 |+
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75 | 100 |
ol 4
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. T8 19 2
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400-410 MeV/c _I_

v 59% T#(3/24)+41% 2*(1/2°)
100% Z*(3/2%)

| ____— Phase space
First reason: S-wave between the ¥

(3/2%) and =* ; but P-wave between
the 2% (1/2-) and &+ .

Pe=394 MeV/c

300 I
250
200 [
150 [
100 [
s}

59% =*(3/2%)
Interference
12. 5% Z*(1/2°)

.......

-1aT. a‘g‘i‘r"":‘s"ﬁ"“i';'.‘a‘ 852,
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Second reason: the width of Z*~(3/2%) is 35.5MeV; but that of

% (1/27) is 118.6MeV from fit before.




Hadron-hadron scattering

- y JJXie, JJWu, and BSZou, PRC90(2014)055204

'fllJlU!_lE .I!..P L'l

The >*(1385) resonance can not repmduce the near
threshold enhancement for the ﬁp — Apr” reaction be-
cause it dec&ys tp 7A in relative P~Wa,ve and is suppressed
at low energies. On the cﬂntraryl the newly >*(1380)
state decays to ﬂ'ﬂ in rela,twe S-wave, and can describe
the near threshﬂld enhancement fa.lrly well, which indi-
cate that the ﬂp — ﬁp*rr“ data support the existence
of this E*(138{}) state, and more accurate data for this

S C. PR MR B SR (e RN, R SIS
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/ -production

. R ( ), Gao-Wu-Zou, PRC 81(2010) 055203
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04f
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il c 1O The observanIes o
hotoproductlon in our experiments. _

and, in particular, to figure out which one of the N(1895)1/27, A(1900)1/27, and A(1930)5/2~
resonances is really capable for a simultaneous description of the data for both K*¥°(1385) and

K*X~(1385) photoproduction reactions. The results show that the available data on differential

_ther than the other two. The generahzed
_ With a portlon of the 2(2 ) the same set of |




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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Charmed baryon decays

o — s J.J.Xie, L.S.Geng, EPJC76(2016) 496, PRD95(2017) 074024
(¥ > i 60 i
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c d U u ™ o - ) ' ‘
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= 20} .
© \‘
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Belle and BESIII measurements

O

M(ATY) (GeV/c?)

BESIII: PRD99, 032010 (2019)
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Mechanism of N

1,74 o

Y

\+ ( au + dd + §s
I u > u —% —
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|
U \/5
s T™B(M,,) = VP{—TJf Gi-p(Mya)tg-posun (Mya)
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Analysis the Belle data

O - ; GYW-EW-Xie-Geng-Wei, PRD 106, 056001 (2022)

Counts

I | | | 1
1.25 1.3 1.35 1.4 1.45 15 1.55 16 ‘
M+, (GeV) My (GeV) M.+, (GeV)

) as the molecule, we could well
reproduce the Belle data of the mass distributions.

By regarding the (
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Dalitz plot of -
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(/7 )in -

Ointermediate of ( / 7)

¥ +(1380)

F
/\

V22 My /0 Tea /2
Mﬁm . Mg(uz—} + Mz 1/2-) s /2-) j

-

TE/27) _

Lyu, Zhang, GYWang, JJWu, JJXie,
LSGeng, Phys.Rev.D 110 (2024) 5,
054020
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BESIII results

—-sWeighted data -
2 S .t — Total fit N | <|-
S O S .
> > 2001 — Aay(980)° = 100
L L AN () Q - ne
- = —x Rgs*n = E
& g ok S

: 1 — A(1670)*
(-] (-] S
= = 100 J B Total interference - 50
S S . S
S~ S~ S~
& <] @ L
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(] L L 5 0
- - S >
3} [6a} 0 m=g m L
1 1 SRS T

13 14 15 16 17 — 18 2
M, . (GeV/c?) M,, (GeV/c?)

.
M. (GeV/c)

Process Model A Model B

Aay(980)* 52.9 +4.5(13.40) 50.6 + 8.0(11.10)
¥(1385) "y 36.6 +2.6(15.80) 31.3 + 3.0(14.60)
A(1670)z+ 10.7 + 1.4(15.00) 9.0 + 1.6(11.95) BESIII: PRL134, 021901 (2025)
¥(1380)*y 15.5 +4.4(6.10) 17.7 + 5.7(3.30)
ANRg+ - 11.3 + 4.4(4.20)
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( ) Duan, Lyu, CWXiao, EW, JJXie, DYChen, Oset, PRD 111, 016004 (2025)
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Results

Duan, Lyu, CWXiao, EW, JJXie, DYChen, Oset, PRD 111, 016004 (2025)
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The ay(980)A decay mode appears automatically in our
approach due to the nz™ rescattering. It is clearly visible in
the results and in the nz™ mass distributions, but it has an
integrated strength about one half of that obtained from the
BESIII analysis, solving a puzzle of an apparent contra-
diction with the visual effects in the Dalitz plot.
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BESIII MC data

Lyu, Liu, JJWu, DMLIi, EW, 2606.04690
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TABLE 1. Free parameter values fitted to the MC sample with 829 data points.

A B ¥ ¢ ¢ |Vs@aaso ¢"  |x*/do.L

w/o £(1380)| 1.52 MeV~! | 0.23 | 0.76 | 0.257 | 1.42x - - 8.75
w 2(1380) | 1.41 MeV~'| 0.25| 094 | 0.377 | 1.40m | 0.01 | —0.457 2.92
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Belle data

Lyu, Liu, JJWu, DMLIi, EW, 2606.04690
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TABLE II. Free parameter values fitted to the Belle data sample.

A B y i ¢ @' Vs (1380) ¢"  |x?/d.of.

w/o £(1380)| 1.35| 0.24 | 1.57 | —0.057 | —1.057 - - 4.88
w X(1380) | 1.18 | 0.28 | 1.77 | 0.057 —0.987 | 0.01 —0.627 3.90
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Li, Lyu, GYWang, LKLi, WCYan, EW, PRD 111, 054011 (2025)
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Results
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K*(892)
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Excited hyperons in Charmonium decays @
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Excited hyperons in Charmonium decays
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About 1 ab-1 integrated luminosity at STCF per year
STCF shows superior statistics and purity compare to other experiments

The physics sensitivity studies are based on, but not limited to, data
samples of these size
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Excited baryons in STCF

M. Achasov, et al., STCF conceptual design report
(Volume 1): Physics & detector, Front. Phys.

14701 (2024)
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Summary

* The missing state ( / 7) is crucial to undertand the baryon
spectrum.

* We need more experimental measurements from STCF, BESIII
and Belle 11 to learn about the excited hyperons.

Thank you very much!
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