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| apologize for not covering all the experiments results.
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Introduction

Hardon size

* Quarks and gluons not isolated in nature. . |
— Formation of colorless bound states: “Hadrons” 0.5 — — =L
— 1-fm scale size of hadrons? i P L
04 |-
* Hadron spectroscopy provides a F. —’—W‘% Fole P,
141 < - /Q, 7 P 8{,"% Qodj
opportunities to study QCD in the non- " e Ry~ A
perturbative region o T
— Extensive and precise spectroscopy combined i agel? T
. . . . 0.1 o
with a thorough theoretical analysis, will add __asymptotic
. ~ freedom
substantially to our knowledge of QCD 0 ! ! !
. 0.001 0.01 0.1 1
* Complex exotic hadrons can reveal new or 1/Q GeV-

hidden aspects of the dynamics of strong

interactions
Higgs mechanism | Qcb dynamics
— Predicted in quark model %%
a |
— Recent results show strong evidence — e Mass = 168x10% g
. . Mass =1.78x1026
for their existence 1% ’ ~ 99% of proton mass
~ 1% of proton mass
(~ 10 MeV) (~ 928 MeV)
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Different types of hadrons
to be explored

Baryons are red-blue-

Mesons are color- -
‘ green triplets anticolor pairs “
- 4

NA=usd n=ud

Other possible combinations of quarks and gluons :
Pentaquark

H di-Baryon Glueball
S=+1 “ Tightly bound I \ Color-singlet multi- §
Baryon 6 quark state gluon bound state
Molecule
Tetraquark . qq -gluon hybrid
Tightly bound loosely bound . mesons
diquark & S0 .//‘\"
anti-diquark antmeson 4 ‘
“molecule” -
s
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Main contributors worldwide

e ete™ collider

e Hadron collider
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Mass [GeV/c?]

Discoveries of many new hadrons
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1004 e e @ny2s) o 55(aq [ Yeaseo)
: hy(1P) ® Mo ® bg I z,(4ozo); é Z.(4020)° Y(4230) .
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B bqq
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Light hadrons
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Light hadron spectroscopy
o

— BESIII, LHCDb, Belle (II) ... GlueX, Compass, ...
Quarkonia .:. ’qq> /4. D.B hy Biseisi 21
~ , y Dy h :2
Hybrids e@A® | q98 > 2 X Rie=i
-+ Zn—l hn

Glueballs c+> 189) . ) h
Multi- o—@ —@ ‘q2q2> \\\ ot barget recoil

quarks +

0o neg. parity pos. parity exotic
- |
- - -
= -
2500 | .
_ 4 I -
- ! [5] - o, =
. - . — —
+7
m — — - 3++ 4++ 3+_ - 0+— 2
2000 | — -
— = -+
o I — 3 :
= = 2 2=F
e
S 1500 |
1t 2++
1+t
1000 - 7 = Ny T m, = 392 MeV
o 243 x 128
1=~ ‘
7 — isoscalar ¥
500 | isovector
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Strangeonium [SS] spectroscopy

2800 sear 2701 2691 g6ms -:
2600 Y= .
9 2434 ﬂﬂ 2435 :
2400 Jxs00) — -
1 f,(2410) 2272 2297 2285 2080 f 2220) ]
2200 N £,2150) e A
:2144 § 219;5027 S %) 5368 NN\ 5
—~ 2000 {1770t —_— 7
% ’ 1971 1991 ¢) 1
£ 1800 1699 BT 1822 1825 ]
A Jie10 NN ]
a 1600 4= 1630 f,'(1525) .
= ] — o a2 :
1400 _: - h,(1415) _:
1200 (1370) g
1000 _ 4;%:;;9 Strangeonium spectrum
800 127 Chinese Phys. C 45 023116 (2021)
JPC E 0-+ I 1-- , O++l 1++I 2++I 1+- : 1-_ : 2.. : 3-_ : 2-+ : 2++ : 3++ l 4++ l 3+- I :
ZS+‘1LJ 180 3S1 SPO 3P1 3P2 1P1 3D1 3D2 3D3 1D2 3F2 3F3 3F4 1F3
» Theorists explain ¢(2170) as
v’ sSg hybrid
v 23D, or 33S, s§
v tetraquark
v Molecular state AA
v $f,(980) resonance with FSI
v Three body system ¢KK
s BLERANFYIEXONCIA

* Y(2175)/¢(2170):
a strangeonium(-like) state

600 —f— BEslie’e = ¢y —¥— PDG 2021 l
5 BESIll 6'¢" = wn —F— BABAR e'¢’ — yér'x
et BESIll 6”6 — 61’ i BES J/y — néf,(980)
—Z— BESIll e’ - K 'K 7°° =—Zi= BABAR €€ — y¢n
—S— BESIlle’e” — KK —3— Belle e’ — ¢n° 7
e BESII e%6” — KK ? —— BABAR e'¢’ — yK'K'n'n’
400 i BESIIl e'e” — KK z° =—F— BABAR e'e” — yK 'K z°x°
—— BESIll e*e” — ¢7° 7 —#— BABAR e'e” — yf(980)
—&— BESIIlJ/y — nén’n
200 - l T |
i l _H—|" -, -
| —{::,E-ﬁ '
o ; —hq
| ¥ |
O | 1 1 121111 1 1 |2|2| 1 1 123

M, 2170, [GEV/C?]



BESIL New axial-Vector strangeonia

Based on 10B J /i events,

a PWA fitto J /Y —
PRD110, 112014 (2024)

pnm

Based on 2.7B ¥ (3686) events,

a PWA fit to 1(3686) - ¢nn’
PRL134, 191901 (2025)

i o 501 . F ]
“g 300X “bm'l,,l'u (a) ] % 4of_i2§ta x2mbin = 0.64] G 40F ¥2/mbin = 1.573
° | ] > F —-X(2300)-¢n @13 F (b) ]
= 200-_ L f N = 30:_—-(1)(2170)—)(])11 3 = 30 -
Q 0 ff b VR S  F — #1705 18 F ]
~ L ) ] = 2oF — X(2300)¢ 31 5 2oF .
€ 100-_ :' ',| L-L‘ ..-“; ., = b -'qc-)' E h,(1900)—¢n’ E ‘q&)’ N E
R - + & 10 13 of 3
r iy M- !' R e
) I P e == Lk q 2 E— 25 0
" ﬁ/lm (GeV/ce) ’ 5 M, @eV/c)
Process M (MeV/c?) I' (MeV) h+(2300 PC _ q+- observations!
$(1680) 7Y 1668 £ 74+ 25 1147 + 14 4 35 1( ) J
]PC =1 X(QOOO)'rr0 1996 + 11 + 30| 148 + 16 + 66 M=2316+9 + 30MeV/c2
5 TrJ T
]PC — 1+- h1(1900)7 1911 £ 6+ 14 (149 + 12 + 23 _
=L 3 . =89+ 15 + 26 MeV
observatigfsl 950) i, - -

-+ h1(1900): candidate for h; (2P) strangeonium state
-* X(2000): candidate for ¢(3S) or for ¢(3D) strangeonium state

-* h1(2300): mass lower than the predicted mass of h;(3P). Full
. strange [sSsS] tetraquark candidate?
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Spin-exotic light mesons

Over three decades, 4 candidates are reported so far.

Three 17 isovectors m 1°079)=1"(1"") hybrid nonet
* m,(1400): seen in nm \ -
* m;(1600): seen in pm, N'm, bym, fiT Ky 160P)=> (17)

* m1(2015): seenin by and fim
One 1~ isoscalar
e 1,(1855): observed in J /Y = ynn'

N 16079)=0"(17)

N, 16079)=0"(17")

Decay . "
-

nTp ST GAMS
BESIIIL, PRL129, 192002 (2022); PRD106, 072012 (2022) n‘z - n"x KESK
T p-o>nnp E852
o LICCLOR A s G
(\.) 40 0 pp - n°n'y CBAR
% i < Y 1> P pp - 2nt2m” Obelix
2 n'm n‘Bf - n’n::g"Be VES
nTp->nNp E852
— | 1 h n~Be » wn n’Be
\:/ 20 Wlt Out ;71 (1855) b17T ﬁge con*'n"ng C‘IIB}ZSR
= I 1, (1600) np ~ wn np E852
n Pb-ontn n™X COMPASS
a [ mTp-ontnTnTp E852
£ | | |
‘O f, np - wn n°
%) - m,(2015) bI; ﬂ_pp_) pnn+”_:_ E852
o L L L ; | L L L . ] . . ) L | L . . o
15 > 55 3 Some studies indicated that ; (1400)
M(m)(GeV/c? and 17, (1600) can be one pole
m 1
. o ___[EPIC81. 1056 (2021) J[PRL122, 042002 (2019)]
s BLERANFYIEXONCIA
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https://link.springer.com/article/10.1140/epjc/s10052-021-09821-2
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.042002

BESII

* With 2.7B ¥ (3686) events, BESIII

iny.,>nnn

* xc — mtmTn process provides an opportunity to search for JF¢ = 1=+
exotics in the n'm systems.
* CLEO-c found evidence for an exotic P-wave n'm amplitude around 1.6
GeV with ~40 1n this process.

performs amplitude analysis of

Xe1 = T n viap(3686) = yx.

900
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400 |

x2/d.o.f. = 1.45

T \‘\\lHHl
\=%_4_._‘

..........

T L [T TTT

et o
Chissikreret o J !

\I\|\I\I‘I\IJ\HI\|[IH‘I\I\IHH'II[I\I\I\ | ||

____________________
-----------
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M(mm') (GeV/c?)
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Observation of 7,(1600)

state JPC | Decay mode |Significance
71(1600) |1~+ usatrd >> 100
(77) 5 —wave | 07T sty >> 100
ap(980) |0+t nty/ > 100
f2(1270) (27T |  wtg— >> 100
a2(1320) |27 usatrd > 5o
f2(1950) |2F+ ntm™ > 100
fo(2200) |0 T I > 100
aop(1710) |0+t m=n > 100
fo(PHSP)| 2" Tt > Ho

Spin-parity of the 1 (1600) favors

PC = 1=* is favored over 0+, 2** and 4**
assignments with significances larger than 100




beam +p —

-
-

-
.

X-

+p >

final state

+p

information on X~ obtained from
partial wave analysis of the final state hadrons

2-body

— Kz, Ap

3-body

—\mntn,

zr_nozro

— |\ K n"n™

effective 3-chv

— am'zto

4-body

- | nat2n

5-body

— 7 2n 28"

- KSOK', nx, n'w, f1(1285)x

Resonance | mg [MeV/c?] | I, [MeV/c?
7(1800) 1768 £ 6135 | 320975

a1(1640) | 1660 + 20730 | 370 4+ 30+2)
a1(1930) | 1970 £20730 | 230 & 30714
m(1600) | 1723 +£675: | 336+ 10759
m(1670) | 1698 £6718 | 296 4+ 11730
m2(1880) 1876 475 | 166813

) 2142 £ 12737 | 304+ 2173
as 2080 + 10730 | 560 + 201?84
a4(1970) | 1973 +3%13 | 311+87%10

74(2250) | 2198 +£12%2> | 550 4 30739
as(2450) | 2558 £31772 | 600 4 90 5

*  Diffractive scattering of = with nucleon

n /K™

Prarget

bachelor

X
P ||

isobar &

b

Precoil

Spin-exotic J7¢=1"" waves at COMPASS

Individually scaled intensity

arXiv:2508.18908
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preliminary
Nominal 71(1600) position

Y& nr
e ,n,ﬂ

P

- b(1235)n

MWWO)(O

fﬂésﬁz

PSR
1 15 2 25

my [GeV/c?] 12
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' Diffractive sca

ttering of K with nucleon

/ 0- 0" 1= 1t 2= 2F 3= 3% 4 47
2.5 1 |
- -t ; — 8 A T
K +p—>K7r7r+pF2_O_: — g L. oo ¥ o
Q 1 T b A
Ef :% —2—=""¢ |
O 151D o & =
g LI COMPASS
= 1.0 1 ® Established
- Not Established
] S——~ — Quark Model
05 ‘—.— to come [Ebert et al., PRD 79 (2009) 114029]
arXiv:2504.09470 K K, K- K K, K; K, Ky, K, K, K;
Resonance | mg [MeV/c?] Iy [MeV/c?]
K(1690) | 1687 +10*2  140+20* %
K(1830) | 1893 +17 *3 160 +40* §) K(1690):
Ki(1270) | 1266 + 2*5 88+ 4+ 19 * a supernumerary pseudoscalar resonance
ki 1940 #1075  430+20%5 signal with a mass of about 1.7 GeV
+10 + 78 . . .
Ko(1770) | 1714 -2 4 2y 152+ 82, * lying in mass between the two predicted
K>(1820) | 1842 + 5 273:10%1% . |
K»(2250) | 2244 +10*18  260+20* % quark-model states
K;(1430) | 14309 +1.4%3L 111+ 3+ 2 * the first candidate for a crypto-exotic
Ks 2119 13 1) 270307 % strange meson with J¥ = 0~
K, 2210 +40 ¥ 250 +70*
K;(2045) [ 2060 + 5*L  189+10* 13

BLERANFYIEXONCIA
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Heavy mesons
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% Observation of the P-wave B (1P)

7600 k75727588 s 7565 7571 7568
* In 1998, the B, meson was discovered I S e T 0]
i 7272 7372 7269 7276 7271]
at the Tevatron S 7200 %_ 15y 7150 7164 — 7266 ]
. . 7145 7028 7041 7045
* Despite its ground state, only the 2§~ & s ) — 6| BD
N’ 1 -
states have been observed at the LHC , 6800 | 6106 ST0 67681 1D — complex decays, -
. 2 25 71 small rate (X)
in 2014 and 2019 > [ 1P - radiative decay, ]
. 4 o 2 ad -
+ LHCb studies BF (1P) - yBZ 6400 Forfomn mostpromising (/) -
1S B; - photon too soft to reconstruct (X)
arXiv:2507.02142; arXiv:2507.02149 6000 L — — —
1 3
oM S, S1 Fs B; P Dy D;"DyE; B "F,
% 220 —“;: i +Daa LHCb 9 fb™!
E 200¢ §4— :;gilj/l//fr* + Data . g 180; o - Data
g 180 - £ , BZ—);/WK* — Total Theory_constralned E 160 — Total
8 160 E E N \“ --- Background | BackgIOund . 8 140? ""Zaiﬁir(iund
I T 7] Peak 1 six-peak fit o e
k=T S O S . [ Peak 2 = ok STXON
< 120 e 6300 6400 6500 g F B(I'Py)*
QO F M(B}) [MeV/c2] S ek
100 E F s=13 TeV
80 E— 60'_ f l_l QCD
60 “F
w0t s
20 — - M(B;yG;) . M®BY) [MeV/cg?O
©200 800 The observed structure is expected to be

M(B:y) - M(B;) [MeV/c?]

contributed from multiple Bf (1P) - BTy
M; = 6704.8 5.5+ 2.8 £ 0.3 MeV/c?, : . -
e ) MV 2 decays, which requires larger statistics and
2 =67524£95+3.1+03 MeV/c', better resolution to be distinguished.
s BLERANFYIEXONCIA 1@



Lach Open-charm tetraquark states

Bt > D Dfm*

B* - D* D K* B® - DODin- B* - D** DK+
S
@ ® >
2020 2023 2024

[csud]

[csud] [csud]
@ @ [cSud]
D D}

PRL125, 242001 (2020)

D K*

PRL131, 041902(2023) PRL133, 131902 (2024)
PRD102, 112003 (2020) PRD108, 012017(2023)
s ”?jﬂ%ﬁﬁ: e LHCbY 8 o
$ O el b, (b)) 2 il
o 60:— v(441%) - D' D = Q = N
S sof - xew o 3 g =I50¢
T % T E SN:
S 10F E =
0 2.5 % 35

m(D"K™") [GeV/c?]

Mass (GeV) Width (GeV) JP

T;0(2900)° & T:,(2900)*t 2908 + 0.011 + 0.020 0.136 + 0.023 £ 0.020 0+
X0(2900)/T:,,(2870)° 2.866 + 0.007 + 0.002  0.057 + 0.012 + 0.004 0+
X1(2900)/T:,,(2900)° 2.904 + 0.005 4+ 0.001  0.110 + 0.011 + 0.004 1~

s BLERANFYIEXONCIA 17



LHCD

fokines i

Amplitude analys1s of various components of D; s ~and T, cs0 states
o~ 240 p———— . 1 o 20— . 1~ 140 — —
- LHCb

T:.0(2870)° [csud]in B~ -» D™ D°K?

PRL134, 101901 (2025)

[ LHCb ] [

- N —+ Data - [ _ _' 120

L 9T e Fit w/o T%,(2870)° 1 100 3 9 b I [
180 N (a) — Fit w/ T7,(2870)° ] [ (b) 100
: - D573y 30 [
D?,(2700) ] 80F

------ D}, (2860) _ i

120F

D
=)

»»»»»» NR (S wave)
—  NR (P wave)
NN 77,2870
— + Background

o
(=]

N

(=]

[\
(=)

60

Candidates / (0.035 GeV/c?
Candidates / (0.035 GeV/c?

Candidates / (0.035 GeV/c?
[®))
(=]

! 201

olasmit e N S R T \ b e R e o
2.9 3 ) A 3 4 4.5
my, o [GeV/c?] Moo [GeVie?] m,_ 0 [GeV/c?]

e Observation of a resonant J© = 0% structure, named T* (2870)0 in the DOKO system with

5.30 significance, no observation of TC’_’;1(29OO)0
M(T*O

cs0

F(T*O

cs0

) = 2883 + 11 £ 8 MeV/c?,

® Relative decay width provide precise tests of the isospin symmetry
) = 8712 £ 17 MeV, |

B(B~ — D~D°K°)FF(T° — D°KY)
B(B- — D-D+K-)FF(T: — D+K~)
o R(T* (2870)°) =3.3+ 1.1+ 1.1+ 1.1 and R(T*,(2900)") = 0.15 + 0.15 £ 0.05 £ 0.05

stat. syst. ext. stat. syst. ext.

R(T})) =

isospin violation indicated for T}, (2900)°
BiRE FtENFYIEX I 1R



0/++ .
CS

LHCD

T in D,,(2460)" > D ™

Joint amplitude analysis of the three channels  5¢-Bull- 70, 1432 (2025)
B* - D°D(2460)*, B > D™D D1(2460)* (D51(2460)+ Dimtmo)

LHCb 9Ifb‘ll

[3S]
(=}

_ =
o
S
o
<)

T

e}

|
—_

—
o

~—

I

(o}
(=}

D
(=}
(o)
(=}
T
1
|
|

'S
=)

1383
(=)

[3S] &

(=} fe=)

T T

T
+L
—+

—+ [
s . _‘ -
1 1

Candidates / (0.008 GeV)

Candidates / (0.008 GeV)

L i ——_ 0 N P PR PR =
0.25 0.30 0.35 0.40 0.45 0.50 2.10 2.15 2.20 2.25 2.30
m(nt ) (GeV) m(D{ ") (GeV)

m(D}f ™) [GeV]

————————————————— T T.t" %
N\Q 70 T T T T CS o g ]
% ‘* = Tc% g e ]
S 60F WL puzzling strugture - £o(500) Swp TR
= SO ﬂ \+ + Background PP i ST
g 40 ++ —— Total fit 5 0 e
Z 30b + Data R
205% +++ ~ %10 - I2‘15I - I2.20I - I2.25I - 2;(; :
10f 4t m(Dy ) (GeV)
T30 Tme a0 a0
m(ntm) MeV/c? Resonance Mass (MeV) Width (MeV) Fractions (%)
fo(500) 474 + 30 + 18 224 =23+ 16 248 ;2 +39
TS TS, 2327 +13 +13 96 + 16 + 23 15627 =25
O/++ L4 L3 L3 L
T  is observed with significance larger than 100

s BLERANFYIEXONCIA 10



Overpopulated charmonium spectrum

Charmonium-like [c¢] spectrum /707 F~K. Guo

arXiv:1511.01589, arXiv:1812.10947

10(4700) Charmonium spectrum
S X(4685
Y660 2016 2021| X (4630) [1-*
2007 —202‘1 '
Y(4660
3D Y20(4500) . ( )
4500 . 2016 Z,(4430)
= T y4a15) —F 2008 Ache
58‘1‘)}“ = W(4360) N 3p . X350
007", e - 010 T (L — ”
2015 442605 —2011 X *2014 2021 Z(4430)
¥(4230) ——= Ye1 (4274 2D 2D 2008 Re0(4240)  Z(4220) .
2D baT60) Yo d140) X@160) Zgo00" . [0 i 0 B AR AELELD
I 2009 _iF 201880 5 )\ oo Y(4390)
—5- e 2008 xcosoy R Y053y PE B X(4350)_y(4360)
4000~ o T T T T T T T T T p TTTTTTToTmTm e 740209014 e i
2P 2P 2P 2007 X3940) “ 2014 o= | DD ccocccesosconcspoosesissssesscssanssrassosaeszsssasemszsmaaszass
s DD =2 s o) T 2020 ! X(4274)
g _____________________________l—_\YU'Us ________________ X A‘U-L__z_dfg _______ 22(4250)
e b rw@860) 2003 —— §3(3842) 005 Y(4220)
¢ ‘ G771 2017 $20823) ‘5579 Z(4200)
s I e E 2013  TCCT . ﬂﬂ 38)
( ———
7.(2S)
ver(1P | e JrCT Dst ..................................................................
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Overpopulated observed new charmonium-like states, i.e. “XYZ":

* Most of them are close to the mass thresholds of charmed meson pairs

e Some are not accommodated as conventional meson
==> candidate of exotic hadron states

« More efforts are needed to pin down their nature
s BLERANFYIEXONCIA 20
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BES]]I Observations of three heavy Y(4500),
Y (4710) and Y(4790) states

CPC 46, 111002 (2022) ete” > KtK~J/y PRLI31, 151903 2023) e+e~ — D** D'~
PRL‘1’31,§1_19'02(2023‘) o), 4 This work == Ei resul S
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Are they [cCsS] states?
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BESII Improved measurement of
+ 5 +
0'(6 A [ hC) PRL135, 071901 (2025)

« Initially observed by CLEO-c at Vs=4.17 GeV [PRL107, 041803 (2011)]

« Cross sections of ete™ - wTm~h, obtained by BESIII at 3.9-4.6 GeV, found
two structures [PRL118, 092002 (2017)]

* New data collected by BESIII between 4.18-4.95 GeV (27 data samples)

i e e P U e Ll G B e i _F '8_140:— I
I 250 . BESIII: R-scan data sample :120 E Y(4230) Y (4360) ¢ XYZData
80 _ [ =BESHIXYZ data sample = B ® Rscan Data
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g _ F - Fit curve: Y(4220) 7 N BWs, Solution |
;% 60 | 2 1S0F _ it curve: Y(4390) Y BWs, Solution Il
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CPC 38, 043001 (2014) PRL135, 071901 (2025)
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[ (MeV) 585710 65 TH o 62.8+19:2+9:9
a bit larger width >5g
[Mva3e0= 12021 MeV Y(4500)
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BESIT Inclusive and exclusive J /Y and
P (3686) production

PRD111, 052007 (2025)
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% Three new charmonium(-like) states

in B T - D g D +K + decays PRL133, 131902 204)

« Simultaneous fit to B* — D** D" K*and D*~ D*K™ to relate the C-parities of
the charmonium(-like) states R > D**D~ and R - D* " D*:

C-even: Agx(D**D™) = Ar(D*"D™) C-odd: Ax(D**D™) = —Ax(D*~D7Y)

o  F T I | " 14—~ F - I | LI IR I
= | . -1
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BESII

Zc(3900)* Zc(3900)°
PRL 110, 252001 (2013)  PRL 115, 112003 (2015)
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The Zc(s) Family at BESIII
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BESIL Joint PWA of ete™ > mwrm ] /4

arXiv:2505.13222

e Basedon 12.0 fb~1 of ete™ collision
data between 4.1271 and 4.3583 GeV
* Z.(3900): BW model with constant

width

* fo(980) seen at all energy points

Sample

M (MeV/c?)

I' MeV)
4.1567 —4.1989 3883.5+t1.6 38.6 & 3.6
4.2091 — 4.2357 3884.0%+1.0 37.8+ 1.6
4.2438 — 4.2776  3884.9 +1.8 34.2 + 3.3
4.2866 — 4.3583  3890.0 £ 2.3 36.1 +4.2
Average 3884.6+0.7£3.3 372+13+6.6
State Mass (MeV/c?) Width (MeV) Decay Process
3883.9+1.5+4.2 24.8+3.3+11.0 (DD")*  e*e™ -» (DD*)*mt
Single D tag Single D tag
Z(3885)" 38817416421 26.6+2.0+23 (DD*):  e*e~ — (DD*)*n*
Double D tag Double D tag
Z(3885°  3885.7%%3+84 35711415 (DD*)°  e*e” - (DD*)°n°
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[ e Data — Fit result
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BESII Cross sections of ete™ » m*Z,.(3900)"

R arXiv:2505.13222
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= 18F — Fit = '8¢ —Fit
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% Amplitude analysis of BT —» K91 (25)

LHCb-PAPER-2025-039
* About ch‘l (443 0) + in preparation

« Discovered by Belle in 2007 in B*? - K%~m*(2S) PRL 100 (2008) 142001
« Confirmed by LHCb J? = 1% in B® decays.  PRL12(2014) 22, 222002

4-dimensional amplitude analysis based on RUN 2 data Triangle singularity (TS) <
K'(892)
20k @ wiobsam | 3Q S0F &) rhchsamt 7
2, 2000 1% [ ] 4260 =
g }288: +Data : % 400 _ ' w( ) il
& 1400f . 32 s00f ;
Siof [ Fewn 3S ; SO rdran ]
£ 1000F LHCb 1 € 200F ! . = [ +Data o .
[.%) %: Preliminary E LE E A + LHCb 8 400:‘ —TS amplitude _:
400 E i 100f Preliminary S F ]
200 F _f '_ \ g 300 —Breit-Wigner =
F P o e e E ) ¥ N N E R = -
0==08 "1 iz 14 4 42 44 46 2 ook L
m(K*) [GeV/c?) m(yr*) [GeV/cT] § g
o i B T L a 100 - 3
N§450;-(c) LHCb, 5.4 fb" 3 ’*...1*
(B 400_ _ 2 4 4.2 44 4.6
3 2(5)3 i K* states alone cannot m(ym+) [GeV/c?]
S 300F E . .
S 20 1 describe the 1/)(25)7'['" model with a rel. BW state
£ 200F :
g 150f /' LHCb i enhancement around m(GeV/c?) r(Gev)
i Preliminary E :
100 1 4.4 GeV 1n data
s0 ; 4452 1+ 0.01613:933 0.174 4+ 0.019*3:373
0 « TR SRS TSN T NS SN R | .
4.2 44 4.6 4.8 5 . . .
m(yK®) [GeVic?] e JP =17 is determined unambiguously

* consistent with previous measurements
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Bottomium(-like) [bb] states

Belle, JHEP10, 220 (2019)

(28+1) 3 1So 3S1 3P2 3P1 3P0 1P1 303 302 301 102 ??? e'e’ — Y(nS) m* 1 cross sections
11000 B Y(3S) Y(6S)
Ly Y(58) 5ot ‘ ﬂ[

; & o »""’,A -1Y(10753) M ) ‘
10800 O H i
2 | agwn
210600 o Open flavor threshold ~"**”% e e

g = = Z,'(10610) = | osf H

%el3P) & Lol AT |

10400} " <o A J] L
nES)YCH = - | w raarm A N A

10200} 2P, @P) o NP . YeSymm y o ‘iyh_

¥(1D) Y(1D)) Y(1D ) n,(1D) =

100008 Gondd . . & Jm' |

98001 (| M1l gy h0P) vesiwr L
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9600} TETC m Neutral States Fom (V)

» !V B Charged States ]
9400(== (1) Theoty Y(10753) property has Very high
9200"41 | L partial widths of hadronic

ot 1T 21013 2" 1 2 2? J°PC transitions

« D-wave state with S-D mixing
enhanced due to hadron loops
« exotic state: hybrid, tetraquark
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3 Further investigation on the Y(10753)

Belle I, PRL130, 091902 (2023)

Belle H, J HEPO7, 11 6 (2024) 3 -8 Belle Il data Belle Il, 1.6, 9.8, and 4.7 fb™ |
SE U oF - Belle data 15 -
E I t i Q
— 3 4~ Belle data, xxY(1S) ‘é F — Total fit 14 =y
% 25 4 Belle Il data, zxY(1S) . 6 5 «--. Solution | =
S E o | e ; o
g % % § I Solution |1 13 §<
g 15E- T 4r T
P E o | 2o
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E ot [ o e P 5 ]
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= —~ - i —~ —Total fit
as ;_ XE Total fit xg [ sz otal fi
= 3 4— 3 3
7 °F 1 T 5 }
g 3 ~+-Belle data, xnY (35) ‘o o [
c 25| + oL 4 L
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8 ZE S 5 |
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S 05 f— o 6 ’_g 10
oF " i” ~Belle data 37 X1 = ~Belle data 37 X2
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e o1 S [
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i T
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Excellent confirmation P U] e T

(s (GeV) Vs (GeV)

* M = (10756.6 £ 2.7 £ 0.9) MeV/c? Different resonances display different
* I'=(29.0+8.8+1.2) MeV preferences for w vs. 3t (non-w) decays!
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s Toponium [tt] state?
\ATLAS

|JEXPERIMENT

* tt pairs do not form stable bound states given the short lifetime of the top quark

* Non-Relativistic QCD predicts the formation at threshold (m ~345 GeV)

of quasi-bound-state (Toponium): spin-singlet-color-singlet 15([)1] Ne

* Experimentally extremely challenging: small effect (1% of total xs) and very large
experimental resolution

ATLAS-CONF-2025-008
. 1.4710 . , . . . . . , , ‘ ‘
CMS, aerV:2503 .22382; E E:‘/\_'I'LASPreliminar): = : QcH - rl;\,vhjets
. 8 12[-Vs=13TeV, 140.1 o~ - - .
arX1v:2507.05119 % | POWHEG V2 hvq + PYTHIA 8 i, postfit il e B
§ or -1<Chan <~} -1 ¢Chan< T Fakes 1 ¢ Cpan<1 E
& r N 3 <Chan<3 3 <Chan
CMS 138 fb~! (13 TeV) 0-8:—-1<c,...<—; —1<cha<} 1<ena<t -1<cna<-} | -1<cha<} j<cna<t -1<Chai< -} | —3<Chai<} F<cnact —:
+ Data W tX unc. [ ]
tt B Other
3103 .—1 < Chet < -3 —1<Cpan<-1
2
c
: : T
w o o T T T T T T T E
R S SRR OS5 ST PUSSUNPC SUPII =~ PP e DU SUPEPRIE S B
S i T T T T T i T T
8 2500 :
+ 1.1[ Postfit (FO pQCD + BG + ) B ros + T 5 + + E S o E
q | T T SN
[\ E F . . . T T . 3
S, 8ot + + 4+ ¥ T .
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o
— - - =
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= 0.
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o
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Study on fully heavy tetraquark state

* Existence of T, ¢,3,q, States (Q; = ¢ or b) is expected by many QCD models

% Tpppp Was searched for at LHCb and CMS, but not observed
[LHCb, JHEP 10, 086 (2018); CMS, PLB808, 135578(2020)]
\/

% T..zz states predicted to have M € [5.8,7.4] GeV/c, away from known
guarkonia and quarkonium-like exotic states

** LHCb observation of the first fully charmed tetraquark state X(6900) [cccC] in
J/Y+] /4y final states [LHCb, Sci. Bull. 23, 1983 (2020)]

Phys. Rev. Lett., 131(15):151902, 2023 Phys. Rev. Lett., 132(11):111901, 2024
L LI ) P L I LU R B P USRI B E T T
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= — o j 3 3 0 ﬂ}h+ Nl ﬁ?ﬂ%{*y ﬂ‘ * Ah, ’%{J&Jh *M"ﬁt
8000 : T Mk Rl WL gy v BETTT
i ISP 1 T O T U I U T L T O M O I AT : Y
Mdi.j v (MeV/c?) 6.5 T 5 8 8.5 9 65 7 75 85 9

8
m,, [GeV] My, [GEV]

s ATLAS and CMS both confirmed the X(6900) state in J/ /1+] /1 final states
** CMS observed a new structure X(6600) and find an evidence of the X(7100)
s* LHCb, ATLAS and CMS all see a broad enhancement at the low mass region
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Fully charmed tetraquark |cccc]

135" (13 TeV) + 180 b (13.6 TeV)

[ J
s | WItH run 2+3 data BPH-24-003
> s00f- ~—— Run 2+3
b
Yol L — Run R 2 12
& 400f Run2 Parameter un [ ] Run2 +3
& 300 [Interf.] [Interf.]
S : m(BW;) 6638 T53716 6593 13 425
100 N T(BW,) 440 120110 446 "8 187
+44+48 +10
9 s.ls 7 m 7?5 [GeV]g 15 9 m(BWZ) 6847 —28-20 6847 —-10 +15
T(BW,) 191 *§+25 135 *1¢ 114
135 fb” (13 TeV) + 180 fb™ (13.6 TeV) 48141 +o
00 = 150 CMS Preliminary m(BW3) 7134 —25-15 7173 -10 +13
o 170 e F(BW;) 97 7% 73 Ti5 £10
§ 500: - -BW, - BW, 135 fb™' (13 TeV) + 180 fb™' (13.6 TeV)
5 - C 8o —BW, Interfering BWs. - E. CMS Preliminary
é 300 [ $ i E +Dala - Fit
% 20 BW, - -Interfering BWs.
S 200

«««BW, - -Background

Candidates / 40 MeV
I
T

-E § :» 52_ : I"k,: .‘ ‘_’_;_ :’ 1. * + l+]+|
5z | 2 A W 4T
= 6.;5 7 755 é 855 9 E‘g’ :— :
My GOV iz - §:“°*+*++§:++**m*f*%*g**_ ++.++++§++++++*+++++*++*+++*+ +
- 7 7.s;n o 05 3] 85 9

* All states and dips are above 5c

 Interferences are necessary > Significance of X(6900) =7.90

» Significance of X(7100) = 4.0¢
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Spin analysis of X|[cccc] states

arXiv:2506.07944
135 fb™ (13 TeV)
$ pata - Signal 4
_ o — Full model - X(6600) Iy ’ K X Jhy u~
8 a0l — Background e X(6900) 1 . p” Q
8 ---- Nonresonant --- X(7100) Z 2 " \ 1
S 2 <O ——e,. R 0,
3 21
: \ . 7
© K
§ =L " Qz > x.,l/l+
iis ® ﬂ_ X —
v

135 fb™ (13 TeV
135fb~1 (13 TeV S s tev)
0.08F — Observed
70 g
0.07F
i B o
+8 = F
~N 30 . I ‘ _._._- | 'Ll‘ ._ @ 0.06F
- ] i o F S r
= (0] C
0 10 +I+I'Lllr|”| . 5005,
£ -10 B T e B N F
o pPRE PR T B B jannnlpity = g0.04:
SR BN I LERAER I N B 5 0.03F b

Il _s0 - DS
o> | —— Observed ---+ Expected -
=70 —_— 24 1o JFxlo “F
90 2} 20 JPx20 0.01;
2} +30 JP+30 E
—-110 — " " " — " — - - 0

0 o 0y 0} 1 1 27 2 2;

g=-2In(L,/L,)

JP¢ = 2%+ interpretation is preferred for the fully charmed
tetraquark states X(6600), X(6900), and X(7100).
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Heavy baryons
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ﬁ’i’ﬁ[\a Observation of new Zc baryons

 Three excited Z! are observed in decaying into Af K~

— 0.8
— = PRL124, 222001 (2020)
| | — > 2000 e E (2923 ATK"
— = | ——- E(2939)’—>AK"
| <1500 ——- Z(2965)’—AK"
29 s ; Py 5 B =.(2923)' > A K 7t
s e o = 1000F 440 TR e Z.(3055) =X (=AnHK
= — g g L Bl Z.(3055) > X (A TOK™
é T "N LA < 500 Z.(3080) > L (—AInHK”
/ : E(3080 LI (- ALK
g 27 ;o 0 P el X | ----- Background
; 3+ L [ 0 IPO_ 5 200 B 300
E 32— ,"_-'I m(AK™) - m(A;) - m(K™) [MeV]
S i e . : + : .. o+ —
I * Four excited Z; are observed in decaying into £, ™" 1
32+ L1
25 - L o arXiv:2502.18987
2y Ll L B B B
Z - LHCb  Data 5,(2815)*
= 10 54f7  —— Total fit E.(2923)*
:/ 6 ............ Backgro d 50(2970)+
i PDG 2 F N eﬁk : 2 =,(3080)*
23Rt o T L 00 §100:—"6\ DA e ) )
ve T e Qe gOEY wider width of
S Z.(2970)* than
. . 105— —_ 0
Expecting a rich spectrum of : B Ec(2965)
charmed baryon states; yet many ;=" e w0 me '510

m(Efn~n*) — m(EF) — 2mFP% [MeV]

states not observed yet
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Spin-parity of the £.(3055)
- Amplitude analysis of the cascade weak decay of
31 — s B 5 7 (3055)YO( - DYOA)z~  PRL134.081901 (2025)

E/’ b
[
" F T T 60F T T T

T
LHCb

_ b g 120F - LHCb
i S b 547 - Data S S0F 54! —+ Data
30— ; n Ch’ — Total Fit > M: — Total Fit
[} i - - _
" g R | Y & B sEtn E | S8
[ ~ C =0, 0, =~ - N )
29 512+ ,’nl L 06 % 60F v Ey-D' X = 30F =, U
- ',7 S C Combinatorial 2 203 »+ Combinatorial
> i g 4op 5 20f
c 1/2*’ I;I 5::2— 5 o -g 10 r
= 1 V o 2 8
Z —D 3+ | ot O TS G 54 ol e n
= 1/2 — o 5700 5800 5900 5700 5800 5900
- 2 2
- ! mp. . [MeV/c?] my, . [MeV/c?]
g 1 " T T T T 3 F T T T E|
£ 27 ¢ 12* S 180F LHCb 4 & M0F  LHCb E
- 1 ) E 1 E E ]
2 ! — 04 S 160p 40 —+ Data 4 Siofp S4m° 3
—.JJ 3+ /! ,l 0 140 — Total fit 3 4 E
= 29— [r— ~ E 4 =
= 22 g / N 2 :;g e 5,(3055)" 1 =
= [ 1/2— {ime ) S Wk £,(3080)* E-
@) —aA 12 ! E=l B E S
! £ 60F Nonresonant 1 =z
1 S E j 2
o g ¥ 1 &
32+ L1 £ 20F 4 5
2.0 ! 15 ! 1 L | 0 i N L s
! 12+ 0.2 = 3000 3050 3100 3150 -1 -0.5 0 0.5 1
172+ ;:I —@ my,, [MeV/c?] cosO
0
£ T .
> 60F LHCh_ ES
S sof 4P —+ Data 4 <
S — Total fi i 3z
: 40 :_ otal fit , _: %
P E = ]
e F M £,(3055) 1 =
PDG T 30F ,_( 0 E b=l
23 12+ —_— =] F E,(3080) ] g
77777777777777777777777 — 00 T 20fF -~ Nonresonant o .o
s 1 3
¥ ol 2 10F 1 5
Ac =C =C Q¢ N ottt ] S
‘D E L ! \ =
= 3000 3050 3100 3150

my [MeV/c?]

Expecting a rich spectrum of L -
charmed baryon states; yet many JE = 5 hypothesis favored over others:

states not observed yet 6.5(3.5)c for charged (neutral) Z.(3055)
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LI!C[\? Observation of the hidden-charm strange
pentaquark [ccuds]

 LHCb found evidence for [ccuds] i O TR

% i_— —e— data -
pentaquark candidate with strangeness: = " LHCb 316 &p
_ 3 L m,.>22GeV —helila, -
P.:(4459)° in £, — J/WAK™ decays, near o m% i + P.5(4459)° ]
—x*0 ( 1
threshold of 22D : ! + |
T T o
————————————————————— 0 | T4
| m(Poes(4459)0) = 4458.8 + 2.9*47 MeV | T U i i
| - [(Pegs(4459)°) = 17.3 + 65189 MeV._ S i
PRL131, 031901(2023)
* P.(4338)° - J /A observed in B~ = J/YAp (>100) >180F LHCb +g '1} E
_ = 160 9 o ~ Bascline ft
e JP = % preferred and close to £ D~ threshold $ 140F + NRUAY P) -
9 120;— E
> 0.8 MeVabove EfD7; M, —43382+0.7+04MeV | S 100 :
> 2.9 MeV above 5D Tp. = 7.0+ 12+ 1.3MeV S sof ]
40 ;
20F ;
0 e Wi IS TR S o = s SCER PSS
4.2 4.25 43 435
m(J/y A) [GeV]
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AP  Evidence for Y(15,2S) - P ;(4459)°X

PRL135, 041901(2025)

Belle reports evidence for P z,(4459)° — J /YA in inclusive

Y(1S,2S) decays

Belle: 158M Y (25)

Bl .

3. . (b)

o —

o .

S 112 - "Bl Bl

- L

O Laiois® =

£

> 111
1'1_“‘1...|-B.1...1...

3 | 3.1 3.2
M, (GeV/c?)

mass: 4471.7 + 4.8 + 0.6 MeV
width: 22 + 13 + 3 MeV

significance is 3.30 including
systematics.

consistent with LHCb results

15
- —+ Data 3 3 D
L — Total fit . <O
I ---- Signal fit EEds
Sideband fit
. . 102M Y(1S)
10 no-P, simulation

158M Y(25)

sideband

Entries/10 MeV/c?

il LL{: e O

o A P 1
91.2 4.3 44

45 46 a7
M(J/yA) (GeV/c?)

Mode B(x10~°)

Y(1S) — P.:s(4459)°/ P.zs(4459)° + anything 3.5+ 2.0 0.2
Y (2S) = Pess(4459)° ) P.zs (4459)° + anything 2.9+ 1.7 £ 0.4
Y(1S) = P.zs(4338)°/Pozs(4338)° + anything < 1.8
Y (2S) = P.zs(4338)°/P.zs(4338)° + anything <1.6

No evidence for P, (4338)°
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Summary

* An exciting period of finding new hadrons, among which most of them
are candidates of exotic hadrons

* Light hadrons: high statistics data is crucial to identify exotic feature of
different known states

strangenium(-like) states: axial-vector states h;(1900) and h;(2300)

1~% spin-exotic state ;(1600) observed in charmonium decays

* Heavy hadrons:

observation of the P-wave BZ (1P) states and the charged £, (2923)*
T2+ observed Dy, (2460)* - D¥mtm™

CS
better understanding of quarkonium(-like) states: h.(4000), x.1(4010) and

h.(4300); Y(4500), Y(4710) and Y(4790); Y(10753); [QQ] or [QQ qq]?
Observation of toponium 7;?

advances in fully charmed tetraquark: X(6600), X(6900) and X(7100) [cccc]

More results based on higher statistics data can be expected regarding to the

upcoming 3xL upgraded BEPCII-U, ongoing LHC RUN3 and Belle II.
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Thank you!

I |
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Backup
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@ Recall that the 1P, 1P; are mixtures of 11P;, 13P; states

States 13P, 1P, 1P 13P,
By Bly
Decays | B:* (- Bfy)y - - B:* (= By)y
ch B*(>By)y | BE*Biyy |
#peaks 1 2 2 1
1P P,
o[ B(P)
13p,
14 14
1S A 4 1381 B:
< ¥ soft
V. 1330 BC

© The value SM = M(B}) — M(B,.) is unknown
since B; has not been observed yet
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Open flavor tetraquark

PRD 102, 112003 (2020) Bt > DD K*
--------------- w(3770) -» D* D

DO claimed evidence for the X(5568) in <«

) 4 . > o 1,,(3930) - D' D"
decaying to B;r™, interpreted as tetraquars .. ~ f  ®3 0930 0
state [ bsud ], but not seen in other S ———= y(4040) 5 D' D

. 5 W — — .- y(4160) > D* D
experiments £ V(d415) > D' D"

. = 20
Observation of the open flavor E b X,(2900) - DK*
tetraquark states X,(2900) and s ~ %2900 > K
-------- Nonresonant

X1(2900)[csud] in Bt > D*D K™
The D},(2317)" (D¥n?) state was
observed in 2003.

It 1s argued to contain some tetraquark
component in several theoretical

descriptions, whose I = 1 partners can /i/é” 4 D

b u -~

exist in the DI m* final states. B .. F —
. \ g e i

Cheng & Hou: It would be astonishing if a © Dy @ S

doubly charged resonance 1s found. Fig. 2. Diagrams for @) B — DB{,{ &) B* — D= B¥

(B— DDyy), (¢c) B— n~ Dz, n~ D, (d) B— DDy.

[PLB 566, 193 (2003)]
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LHCD
\ ! L)

Observation of a doubly charged tetraquark
T 50(2900)™ [csud] and its neutral partner

*_ 0 [~<c27 PRL131, 041902(2023)
TCS 0 (2900) [csud] PRD108, 012017(2023)

First simultaneous amplitude analysis of BY - D™D}nt & B® -» DD}l n~ with

RUN 1+2 9 fb-! data

> > '
g gso— i + Data
D,m mass spectra well 5 g Background
described by adding j* £ Eer D o400
=07 (>7.50) 5 5o D; 2750) D
D/ (2760) D}
050(2900) >90 5 ar D(3000) D3
o 1 ! X N, -~ D*(2010)~ D}
0="%2 24 26 28 30 32 34 Y A Y MR Y I T Y T%,(2900) D
M(D; 77) GeV M(D ) GeV Dx S-wave D}t
Mass (GeV) Width (GeV) J?
T:0(2900)° & T:,(2900)** 2908+ 0.011+0.020 0.136 + 0.023 £+ 0.020 0+
X(2900)/T: ., (2870) 2.866 + 0.007 + 0.002  0.057 + 0.012 + 0.004 0*
X1(2900)/T,,(2900) 2.904 + 0.005 + 0.001  0.110 + 0.011 + 0.004 1-
T'¢50(2900) v.s. X((2900) * no isospin relation: [csud] v.s. [csud]

v" Similar mass, but width

contents are different.
See parallel talk by Raul Rabadan

* U-spin relation: [c5ud] vs. [cdis]
« T%,(2900) mass and width larger
than T ;50(2900)
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The Y states

et H o YISR
Y states: charmonium-like states with JP¢=1--;
Ecm My Observed in direct e+e- annihilation or initial
E' " .
- Hadrons state radiation (ISR).
arXiv:1211.6271 and CHARM 2012
80 .?erj-.(.yl.sf). —>7r+7rJ/1/; .a,t BaBar _ e*e~(yisg) —> wtw(2S) at BaBar and Belle
o D% Wvasen vassy VS iver * While not seen yet in B decays
€ ok PRD 86, 051102(R) (2012) 3 s 16 . IIBABM: o
> F % X 112 events (520 fb') E
é 50; Y(4260) g :: [CBelle 4 B*Y f\i 0 tr- J/U
8 o u: ” 110 events (673 fb") é
e 8 = 90
P 6 3 <, 80 :
> i ’U ¥ 4 =70 .
R [ 60 3
i , “_.l.l e WiT B 2 50 E
3.8‘ ‘ Aflt - .4.2‘ A I4.4‘ , ‘4.6‘ ‘ ‘4.8 5u I5.2I ‘ 54 ! 2 H e e 57 *Dl;-‘ 5“3 2 E-“'J‘_:'4O —5 _i
miThim* e\ GeVich lll(w(-S)HK)(GEV-'C) “g 30 < 14 . ]0 _;
020 [PRD 99,071102 (2019)] 3
* Improved knowledges from BESIII 1o ;
100 C
g o T "oF 2 o
& Br __Fi & 80| & basar ) 3 120
= C . < I -+ Belle = 100
S eof --Fitll Z 60 :%» Q s
%t N < <17 %1075
T aof Z 4of e + g X ;
O Fooof %‘Hﬁv Aq io'wo@ / g Y(4230) ;
" ¥ . C ] w 2 ]
% 20 _—' +:: [ I, o) ﬁ | ‘,I- ) ]
- - R L S S A A Or===33 42 Py 44 45 4.6
0 : - ' ; : i .. (GeVIc®)
e 4 5 E‘éev) L 20 :'BEBIII PRD104 052012 (2021) Mo
BESIII, PRL118, 092001 (2017) ¢ a1 4z “3@(2_;;) R

ERw=
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ﬁ’ﬁ% Pentaquark states at LHCb

* Observation of [ccuud] pentaquarks: P.-(4312)", P.-(4440)*, P,s(4457)*
—0 —*0
in A — J/ypK~ decays; near thresholds of FD , 27D , J? not determined

6102)1L002ee ‘c2l1dd

(S1L02)100220 ‘SI114d

X 5 - -+ ~ —— = S
4800 4250 4300 4350 4400 4450 4500 4550 4600
my,, [GeV] My MeV]

« Evidence for [ccuds] pentaquark

candidate with strangeness:
P.:5(4459)% in B — J/WAK™ decays, near

» Evidence of [ccuud] pentaquark:
P.-(4337)* in B - ]/ypp decays

—x0
—0 —0 =0
+ gt : threshold of E¢D

S\ L IZC DI T é D- T T T T % C CD
8 50 3 60r 10 = | | 134
= I = I N = | LHCb 3.16 —r. oy
& 2 40k @ © B, T T e Fit without ., | &
g/ [ g I o %’ 5 E - - N A (ﬂt‘\" — Fit with P, f—

g I g I | O Mg ® e’ ]
3 5 20} N 8 P (4459)° | &
I - 1 S &~ .
8 (il== : 8 ok S st 1N
= 41 42 43 | 44 © 41 42 43 44 [ ~
m(J/y p) [GeV] m(J/y p)[GeV] O o R o s 2
t t = N
Xco(1P)p @ o = FHooTF S

" 1 L " " " | 1

44 445 45 —
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ILlIJECI\?] Amplitude analysis of B - K*m™n,

arXiv:2505.13222
~ 600 P — T =
2 F LHCb9 b + pua .
E 500 :_ — Total fit ) _:
0 - [ B>, (19K (892)°
: 400 '—'_ :io_)n"(IS)K 21410) _:
@ X i -nA9)K ) ]
o B B" -1 (15)K,(1430)" ]
g 300 — B'—n (1K (1680)° s
g i — B'>1, (19K (1950 ] B
g 200 — BT J4100)K° L
@] B Nonresonant bkg. 7 <
100 :_ — Comb. bkg. _: - U W
o L] 4 /
: _ e M -
2 L;

s - B()
> 160 d d
= : )
% 140 5
~ 120
~ =
8 100F
S 80F
o] g
oo
O wf

20
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Z7(3900)
ZF (4020)

Z;(4050)
Z+(4200)
Z(4250)
Z+(4430)

The Zc states [ccud]

3890 +3 3310
4024 +2  10+3
24 51
4051733 g2tos
35 99
4196735 370135,
185 321
42481135 177132
4477+£20 181 +31

1+-

from S. L. Olsen, arXiv:1511.01589, arXiv:1812.10947

Y (4260) — n— + (J/yp=t)
Y (4260) — 7~ + (DD*)*

17T~ Y (4260) — 7 + (he7t)

77+

Y(4260) — 7~ + (D*D*)*+
B— K+ (xar")

B — K+ (J/¢=™)

B— K+ (xa1mh)

B— K+ @' nt)

B — K+ (Jyrt)

BESIII [49], Belle [50]
BESIII [69]

BESIII [51]

BESIII [52]

Belle [53], BaBar [66]

Belle [62]

Belle [53], BaBar [66]

Belle [54, 56, 57], LHCb [58]
Belle [62]

e

Most of them are close to the mass

Y(4660)
ACAC
DD*(28) T L A — 2(3430)
v Y(4390)
X(4350) ___y(a360)
! X(4274) 7 (4250)
Y4220 7o
X418
DD S e e
=1
D*D* :::::msszzzzzzzzzzzzzzzzzzzzzzzszzzzzzzszszzs: fuvETTYYYYY (402
0, - g
DD* ::::zzicriecccaaaa x(3872r:::::::::::::::::-::‘:‘:‘:‘:?z (.3.9.00)
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thresholds of charmed meson pairs
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