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anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations

of

etc. It is assuming that the lowest

baryon configuration (gqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while

the lowest meson configuration (qq) similarly gives
just 1 and 8.
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® Properties of C-even states
Production and decay properties of X(3872) PRD110, 012006 (2024), PRD 110, L031103 (2024) ~ PRD 113, L071102 (2026)
Search for 177 states: nn,., n'n., D.D1(2536) PRD111, 112007 (2025), PRD112, 032002 (2025)

® Vector states from exclusive cross section measurements
Hidden charm process: [. h. + c¢Cc details in Maogiang’s Talk

Open charm process: charmed meson (+[.h.s)

® News of Z. states:

¢ Z.(3900) production from e*e™ — ¥z~ J/y PRDI112, 092013 (2025)

Multi-channel joint analysis for Z.(4020)  arXiv: 2603.05564

Z..in KJ/y, Ky(2S), and KzJ/yw  PRL 131, 211902 (2023), JHEP 02, 120 (2025), arXiv:2407.20009, arXiv: 2510.13274(accepted by JHEP) ~ Not in this talk

® Bound state around A 2. threshould PrD112, 114044 (2025)
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o 2003, observed by Belle experiment in B* - K*n*z~J/y process

—0.05x£0.12 MeV.

o BW width: (1.19 £0.21) MeV

° Mass: (3871.64 = 0.06) MeV, very close to DD* threshold

® Production: B/B, decays, A, decays, pp/pp collision, PbPb collision,

o(yX(3872)—=yn /) (pb)

© o o o

e*e” radiative/hadronic transition, yy* process

PRL 122, 232002 (2019)
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® Nature of X(3872) still under debate: molecule, tetraquark state, or a mixture with a sizable y.,(2P)
component

o Using data samples /s from 4.66 to 4.95 GeV, two production ratios are studied
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0[6"‘6 —> a)X(3872)] § - — yX(3872) MC
o 102 b Ny 1 sideband
. clete™ - wX(3872)] =
olete — wra(1P) e "

| 6- * L h
— - i - 1
S 25;B€S]]I ©X(3872) | 2 3l Wy (IP) | o st WY o(1P) 3.6 3.65 3.7 '3'.'7'5"&6”3'.%35 39 395 4
S 20- = = 4t M(r /) (GeV/c?)
& ! SN | ] AN
O T l Fo0 g0
.;]; 10:— +$ 1:_ l +$ o[
e st 4 HKH' 1“1”\ * I

O: ll .......................... | T T T [0 ) == T ll ..................

465 47 475 48 485 49 4.95 465 47 475 48 485 49 4.95 465 47 475 48 485 49 4.95
\s (GeV) \s (GeV) \s (GeV)

® No obviouseTe™ = pX(3872) signal at 4.914 and 4.946 GeV, upper limits of the cross section at
?0% C.L. are 0.85 and 0.96 pb prp 110, L031103 (2024)
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X(3872) Decays ,

EPE

902 FUDAN UNIVERSITY

TUD4 D
RT:
dTs e

Mode Ratio to X (3872) — ntn—J/v UL Reference
~J [ 0.79+0.28 350 . |
v(259) —0.03 4 0.22 < 0.42
vD DO 0.54 + 0.48 < 1.58
7' DO DO —0.13 +0.47 <116  PRE124,242001(2020)
D*°DY + c.c. 11.77 £ 3.09 o
~vDt D~ 0.0010 50 < 0.99
wJ [ 1.67075 £0.2 » PRL122,232002(2019)
%1 0.88" 55 & 0.10 -
70X 2 0.407957 4 0.04 <11 PRL122,202001(2019)
X0 < 3.6 ete™ — yX(3872)
T X0 - <056  PRD105,072009(2022)
10X 0 < 1.7
7TOWOXcl T < 1.1
0r0% _o05  PRD110,072015(2024)
T Xe1 o <0.18 PRD109,L071101(2024)
v1ho (3823) [ YXe1] = < 0.075  PRD110,012012(2024)
A N < 0.12 PRD109,L011102(2024)
KYK*nT < 0.07
R o ~ o010 PRD113,L071102(2026) |
~J [ 0.38+0.20+0.01 23c < 0.83  PRD110,012006(2024) = e¢Te™ — wX(3872)
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X(3872) Decays

FUDAN UNIVERSITY
Mode Ratio to X (3872) — ntn—J UL
T 0.(79 i)().28 o [v X(3872) Charmless Decay
Yh(25) —0.03 £ 0.22 < 0.42 |
vD°D° 0.54 + 0.48 < 1.58 A good platform to study the nature of X(3872), PRD106,074015(2022)
0 o NO . . . .
D7D —0.13 £ 047 < L16 branching fractions predicted based on a molecular picture
D*9DY 4 c.c. 11.77 + 3.09 R
g +0.48
yDTD 0. EO 0.00 <0.99 Final states 0=0 0 —r/6 0= /4
wJ /Y 1.6_ 2 33i 0.2 - pp (0.15-7.86) x 107 (0.06-3.20) x 1072 (0.83-4.29) x 1072
0% 1 0.887 55 &= 0.10 K K*+K*~ (0.08—4.11) x 1073 (0.06-3.08) x 1073 (0.04-2.05) x 1073
0 +0.37 KK+ (0.11-5.36) x 10~ (0.02-1.07) x 1072
WOXCZ 0.40%¢727 £ 0.04 <Ll 0 (0.03-1.55) x 1073 (0.12-6.28) x 1073 (0.16-8.41) x 1072
T Xc0 < 3.6 PO (0.03-1.56) x 10~3 (0.02-1.25) x 10~ (0.03-1.31) x 1073
7T+7T— Yeo . < 0.56 ot F (0.09-4.40) x 1072 (0.004-1.87) x 10" (0.05-2.53) x 10~
-0 o < 1.7 KK~ +c.c. (0.08-3.99) 102 (0.06-2.99) x 1072 (0.04-1.99) x 1072
o OXCO ‘ K*K° +c.c. (0.11-5.66) x 102 (0.02-1.13) x 10!
7'(' T Xel < 1.1
+ OXCZ - < U9 - —- Data
;T827; Xcl - <0061785 1§E PRD 113, LO71102 (2026) . §nal Mc
— B ce < (). ~ - -2
SLE] ﬂ;[_n VXel SUCEE N e B50ground | BIX(3872) — K*K] < 0.60 X 10
0 | =
KOKErT <007 o 10} S
B¢ © Same order as y,.;(1P) decays
K*K <010 ° | K (1P) Y
I/ 038 £0.20£0.01 230 <083 § j|TTL T - Falls within the lower region of
L ] W g | - o | 4= 4
i"‘l ;T*I‘# *;{, theoretical predicton ranges
. A . [ £L

L

385 39 395
M(K*(892) K) (GeV/c?)
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Search for 1+ States

EPE
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® 1,(1855) observed in light hadron sector

L 4or | n(1855)in Jhy =y
(()) i | H
= [ 0
(@ i | || I!_I <Y1>
e of i
g - ' 2% '. PRI1.129,192002(2022)
2 L I! .—'F + 4
'g) 0 II J" “Fyiy
o & ¥ A
o F
; | *H+ | +* |
1.5 2 25
Mmm')(GeV/c?)

® |n a molecular picture, several 1
with masses close to hadron pair thresholds PrDs9,114013(2014)

® |n LOCD calculations, 17" hybrid states with mass around

4.13 GeV and 4.33 GeV, decaying donimantly to open
charm modes: D.D*, D,D, D*D, D*D%*

JHEP07(2012)126, JHEP12(2016)089,PRD102,014023 (2020)

s
Widths (MeV) [ ,, V}n_uél R o wa
1=~ Y (4260) 179, (4240) B N L] o
nx 0 0 0 0.4 3.7 °6 ¢ i Rt
p*D* 181 267 313 202 294 335 ]
iZ, ~0  ~0 ~0 ~0 ~0 0 )
Tp 0.1 0.8 23 0.06 0.4 3 & 3 e BeEl
pb 002 002 002 002 002 0.02 B e L )
e 0 0 0 39 139 227 ok I o B
w00 0 4l 17 174 Bl e B e
nh, 1.3 3.9 5.8 0 0 0 I ... EE
0¥ c0 0 0 0 0.4 1.0 1.3 ] =2
o 14 26 : ; ; | I o
ol/y 003 01 02 0 0 0 I N . =2
A X X SO S S =
olly 0 0 0 o003 o001 oo i [ .. ] B
wro 003 009 0.1 0 0 0 =
DD* 004 007 008 004 006 008 — .. = i
DD*z 19 1.9 1.9 3.0 3.0 30
Total 219 353 451 321 632 889 |
o Progr.Phys. 41 (2021) 65
/ DS Ds?
n e e Ly
_ : - SR B — e e S L
states were predicted, B el -
— — Dstl
- e e ~Ar 2
PRD101,076003(2020) B B B BN e e oo
4.4 - - - - - -
R DD,
B DD,
B (N
ol o
PRD109,094513(2024) S U L S 3¢ 3

Yuping Guo/guoyp@fudan.edu.cn
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Search for 1+ States
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FUDAN UNIVERSITY
® 1,(1855) observed in light hadron sector —— R G— —r —
1--Y/(4260) 1=+, (4240) I N B N e
o Mot A=15 A=20 A24 ATS A0 A | mam e mm B
o 40 7,(1855) in J/w — v’ PO S R S . T . - 00
> - iZ, ~M ~0 ~0 ~0 A0~ )
o 7p 0.1 0.8 2.3 0.06 0.4 3 F . BeEe
= <Y0> DD 002 002 002 002 002 002 B B .
B c 0 0 0 3.9 13.9 22T R e e
9 - 1 ZZI 0 0 0 41 1.7 174 - B N O
el 20 nh, 1.3 3.9 5.8 0 0 0 I o EeE
- - el PRL129.192002(2022) ZZ I 0 0 04 10 13 L EE
- . —
[z Search for such state in eTe™ — ynn., yn'n., yD.D(2536), D D* at BESIII
i -
= PRDI11, 112007 (2025) PRDI12, 032002 (2025) PRD110,032017(2024)
=
1.5 2 25 3 o
M(T]T]’)(GGV/CZ) / Progr.Phys. 41 (2021) 65
. N . | )
® |n a molecular picture, several 17 states were predicted, e H -
] ] - B B - e } D‘;[)CQ
with masses close to hadron pair thresholds  PrDs9,114013(2014) | N 0.0,
® |n LOCD calculations, 17" hybrid states with mass around oo,
4.13 GeV and 4.33 GeV, decaying donimantly to open ol
charm modes: D, D*, D, D, D*D, D*D* PRD109,094513(2024) R

JHEP07(2012)126, JHEP12(2016)089,PRD102,014023 (2020)

Yuping Guo/guoyp@fudan.edu.cn
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Search for 1+ States
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45:_0100Mev E
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Y States [y(mass)]

EPE

FUDAN UNIVERSITY

® Y(4260), discovered in ISR process at BaBar, eTe™ — yqp 7" J/y

Confirmed by CLEO and Belle

Mass > 4 GeV, above DD threshold

Not observed in inclusive hadron cross section ot Y

gl

Not observed in open charm pair cross section

® Later, Y(4360) was reported by BaBar, Y(4660) was discovered
at Belle, both in ete™ = yprTn W(2S) process
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Precise CS Measurements

EPE

FUDAN UNIVERSITY

® Using unique fine scan data samples above 3.8 GeV, cross section measurements of hidden charm,

o(pb)

open charm, and light hadron processes
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FUDAN UNIVERSITY

® Using unique fine scan data samples above 3.8 GeV, cross section measurements of hidden charm,
open charm, and light hadron processes
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Precise CS Measurements
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FUDAN UNIVERSITY

® Using unique fine scan data samples above 3.8 GeV, cross section measurements of hidden charm,
open charm, and light hadron processes
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Parameters of Vector States from Single Channel defeh) 14 9 k £
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I' (GeV)

0.3
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—=— )(4160) PDG 16— Y(4260) PDG16— Y(4360) PDG16—=—1(4415) PDG16—— Y(4660) PDG16—- Y, ;i 4= Y, ,-KKIp=8- Y, ,mIp-- Y, , ~nmp(2S)-o- Y, =X (3823)

==Y, , gmh, - Ymh_ Yoy =Y oy Yoy, Y1-(|)X02k == Yrvx,, - Y Y ntZ, —o— Y -y X(3872)
=¥ Y -nDD* Y, ,;nD*D* ¥ Y, -Dy*Dy* Y -nx DD - Y -D,D,,(2536) ¥ Y -DsD,,(2573)
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. +_ A -
i _+_ l o | * * ]
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i 1 & + + +_ ¥ '+‘ ‘ _
| | | | , ,

43

44 45 46 47 48
M (GeV/c*) Y. P. Guo, C. Z. Yuan, arXiv:2508.20667
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Typical parameterization of the cross section line shape: 6(s) = | — A Z BW (s)e'x|*
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Four-Quark Matter: Z,

Z (4430)
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Z (3900) Production B ekt

® Data samples from 4.1271 to 4.3583 GeV, corresponding to a total L = 12.0 fb~!

® Helicity-convariant formulism, including ete™ — 77Z.(3900)*( —» n¥J/y) and ete™ = f( = 7"z )y

Z.(3900) parametrized with a constant-width relativistic BW function PRD112, 092013 (2025)

10(980) with Flatte formula, f,(500), f,(1370), f,(1270) with constant-width relativistic BW functions; Or (zr), with K-matrix
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® Mass and width of Z.(3900): M = 3884.6 £ 0.7 = 3.3 MeV/c*: T =372+ 1.3+ 6.6 MeV
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Multi-channel Analysis for Z (4020)
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Bound State of A X, P ok
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® Predicted spectrum of hadronic molecules consisting of a pair of charmed-anticharmed hadrons

virtual

m (GeV)

Progr.Phys. 41 (2021) 65

3
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® Predicted spectrum of hadronic molecules consisting of a pair of charmed-anticharmed hadrons

virtual

m (GeV)
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Bound State of A X G fis k2
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® Predicted spectrum of hadronic molecules consisting of a pair of charmed-anticharmed hadrons

-_ pound virtual —.=. | ©® Datasamplesat4.92 and 4.95 GeV,
53 S e ] M T etTe
4, S) = (1,0) —.=. |  total luminosityl L ~ 360 pb~!
5 2 A T B — MR =eTe -
........ — e — A/ { ete” > Jz'iH;_“[ o ﬂ“_LAC/_\C] with

partial reconstruction technique

PRD112, 114044 (2025)

m (GeV)
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® Simultaneous tit of two tag methods: A_.tag and A_r tag

® Bakcground processes: A A [size fixed to existing measurements] + X
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Y A r[free]

® No obvious signal
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® Simultaneous tit of two tag methods: A_.tag and A_r tag

® Bakcground processes: A A* [size fixed to existing measurements] + £ X

cC—C?

PRD112, 114044 (2025)

Y A r[free]

' F—— Dat ¥s = 4918.02 MeV (s = 4918.02 MeV s =4918.02 MeV
5 g0 T_Otal fit A, Tag = 30 A mt Tag I.I_ I — 40 At Tag .l.
> Signal SO i 0

| gy \

810r —o— width 5 MeV 3‘ °F

=~ r W © (s = 4918.02 MeV S (s = 4950.93 MeV

L:Q gL = width10 MeV S 4L

k [ —*— width20 MeV % - N

I;\w 6:— m E * o) 3 :_ * u : :

5 | * ° s 5 [ . 0 o ® INo obvious signal

i 4 % Q o i 2 * g °

S o+ < L% m

& — [] Q - ]

|+u 2 __ ® |+° 1 _ ®

T T

kT NG

TO,,,,,,l,,,,l,,,,l,,,,l, ITo.I...I....I....I....I.

o 4715 4720 4725 4730 4735 W 4715 4720 4725 4730 4735

5 M(H_) [MeV/c?] [y M(H_) [MeV/c?] y
™ A i | L ] 7 ;g > .

| e W N e . - - Y N S 5~ - - A\
234—;—5—'—;—‘—v—v—|—+—0—" : I Eg-’—’—'-*f’—v—'—v—r*—*—v—'—rﬂ—r'—*-‘-f—rr‘—v** Eg"-’L'-’-r‘-‘-H-’-F*—L'—‘T‘-*—'Tr'—r*—L'—*

YT 2.6 2.62 2.64 2.66 Y 2.45 2.5 7 4.75 4.8

RM(A.)+M(A.)-m(A,) [GeV/c?] RM(A )+ M(A,)-m(A,) [GeV/c?] RM(7) [GeV/c?]

23



Summary S sk

FUDAN UNIVERSITY

® Light and heavy exotic hadrons can be studied at BESIII using the largest J/y, w(2S5), w(3770) data
sample and the unique fine scan data sample between \/E=3.8 to 4.95 GeV

® Recent progress in charmonium region:

Production of X(3872) together with a vector state (7, w) is observed; new decay modes of X(3872) have been
searched

Cross sections of exclusive processes are measured with high precision, revealing vector structures in the cs

line shapes, mostly accumulated around 4.23 GeV, 4.5 GeV, and 4.7 GeV = better parametrization needed!
Z.(3900) production in eTe™ = 7Z.(3900) investigated with PWA, enhancement shows around 4.23 GeV

Quantum number of Z.(4020) determined to be 17, new information of decay branching fraction ratios

® BEPCII finished upgrade, increase the luminosity at \/§=4.7 GeV by a factor of 3 (achieved), and

extend the \/E up to 5.6 GeV; Currently taking data at \/E = 4.68 GeV; more exciting results are
expected!

Yuping Guo/guoyp@fudan.edu.cn
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TUD4 D
RT:
dTs e

1906

Thank you!

Yuping Guo/guoyp@fudan.edu.cn
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Y(4260) = Y(4230)

EPE

FUDAN UNIVERSITY
® Seen in more than 10 decay modes, including open charm final states
100 =
905_71'_'_71'_]/1,” —+- XYZ data 100 7Z'+7'L'_I,U(2S) —Bittresult >_ —— 77T ———T7
S gofb (@ —+ R-scan = gof Solution T~ 1 ()JZ" Single BW 100+ WY ) 4~ This work ok MW P ot
2 = Vs=3.8713 o - R :Vonf-resonance i * - :!/24&04'0) ]
S 7% PrDI106, e g F nieterence : —#- BESIII 2015+2016 gof- PRD109, 092012 - - p(4230) ]
=2 80072001 (2022) g 40F 8.1o 1 © (2024) o,
o 50F S 20F ) RD99, 091103 (2019) 60 |- > 10.00 =
- B [ - i
T 40F k OfF - ]
- s - : 40 |- -
o 30k ;I 20 ! + ! E ]
= 0 .o ‘:
of -60 PRD104, 052012 (2021) o o of % -
— 45 . Bt et et e 42 43 44 45 456 3.8 5
\S_z O é.-.‘.--.t-o ------- . ----_°._p__0_.._.::‘.__.___!.._:.'.-o;'!\'.‘__._..;._0_ :i ;: | | | | | | | V!'S (Gev) VE (GeV)
) S S S NSRS S b 4 41 42 43 44 45 46 47 48
3.8 4 42 44 46 (s (GeV)
s (GeV)
> | | I | | | | I | | | | I | | | | I | | | | I | | | | | 1200_
a ! ¢ BESIII (2022) ¢ This work —Fit result | 1000f— | | | — o - — Fit + 0y —
= SF - ztDD"" ’ =1000 = ... Continuum n"D "D
S [ Y@4230)  --Y(4500) -Y(4710) . % goole - BW PRL130, 121901 (2023)
O - + — ~ - o : :_ a ' ,
g SCK'K Jly PRL131, 211902 |3 [ PRL122,102002 (2019 { I : 02 o E ewe W
7 4Ll (2023) 5000 AR 118 1 - l | SRR e P I
O 5L 1.4 1 o - L T
S i o | | “““““““ | ;GJ, 400; l l . ' ............
© 2 [ - ' (NS % SR I - % 200 |— IR AL e T e .
3 i | l 2200 | SUREE | £ - Ml * -\-—-F:--_-..-a.-.'.'.'.'.'.'.'_-.-:.- .....
3 Tl e L o I T
o 0= S T v L b by by by 42 43 44 45 46 47 48 49 5
42 4 4 46 48 4.1 4.2 E4'3(GeV) 44 4.5 4.6 I's (GeV)
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= 4680 K*(D°D}~ + D™D;)

L

)

4 405 41 415

PRL 126, 102001 (2021)  RM(K") (GeV/c?)

3.6 38 4 4.0
PRL 127, 082001 (2021)

- 1 1 1 1 1 1 | | | |
1 | | |

LHCb

Z (3985):

m = 39854_“%:(1) + 1.7 MeV/c?

F=13.8J_r§é + 4.9 MeV

Z_(4000):

o JP=17

e m=4003 + 6J_rg4 MeV/c?

e ['=131 £ 15 %26 MeV
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5 0= 4 ) 0-
C\I035E_468O K*(D°D,~ + D °D;)

L

)

4 4.05 4.1 4.15
PRI 126, 102001 (2021)  RM(K™) (GeV/c?)

Z (3985):

m = 39854_“%:(1) + 1.7 MeV/c?

F=13.8J_r§é + 4.9 MeV

Yuping Guo/guoyp@fudan.edu.cn
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M (K=Jhp) (GeV/c?)

{902 FUDAN UNIVERSITY
40 ¢
4,35 F 4680 K*(D°D;~ + D™Dy
ggg _ 5.30
Lco>_20 3 1 Z.(3985):
%13 — Iiill . \ m = 39854_“%:(1) + 1.7 MeV/c?
010 ¢ 3.1
D5k u: '=13.87%, 4.9 MeV
0 4 4.05 4.1 415
PRI 126, 102001 (2021)  RM(K™) (GeV/c?)
S0 - (s = 4.63 ~ 4.92 GeV
b 25 = K"K Jly 230
> o0 [ od|  PRrRL131, 211902 m = 4044 + 6 MeV/c?
= U r of 1.1 | N (2023)
o B ) .
= P F el |
S10F | RININAN
B0 o } } Ny BIZ,(3985) > KIly) 0y BIZG90O) » x*Id o
a3y /N ;[ t | BiZ.(985) — (ODy + DD, B[Z.(3900) - (DD®*]
A8 39 4 41 42 43 4t90%C L

Calculated with data in PRL112, 022001 (2014)
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PRL 126, 102001 (2021)

Events / 10 MeV/c?
— — N N W
o (@) o (@) (@)

W O

K*(D°D}~ + D™D;)
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it !"E

4 405 41 415

RM(K*) (GeV/c?)

- KKy

(s = 4.63 ~ 4.92 GeV

Z_(3985):

m = 3985720 £ 1.7 MeV/c?

['=13.873) £4.9 MeV

m = 4044 + 6 MeV/c?
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o [i[ | ' (2023)
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I T
SRR Y
y .

1@ ST ~a—— . k’h'a-w

3.9 4 4.1
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42 43 at90% C. L.
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C arXiv: 2407.20009
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18 18.5 19

RM?(K®) (GeV/c?)?

—_ —_
o N
I I I

‘Q
~
_'._."].1...'-

b
.
e
.
"o
]
.
]
[
]
]
[
: .
.
N .
N .
I . .
. ]
oo e :_‘ . l'
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1N
o
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V4
M .- v MJ/‘// + mJ/l/, (GeV/CZ)

K" n+d/ ¥ + C.C.
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&: 201 ~+-Data &: I 04— —+- Data &: 10 B 0p— + ~+-Data
N Kr " ]PHSP MC S 190 KYK " IPHSP MC S | K'K™n [ IPHSP MC
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o J/y sideband o J/y sideband o 10+ J/v sideband

& N N

—~ 4 ; ~ 1 O N ~ - ¢ ¢

2 0 % 2 5l .

c 2 C gl *j_'—L - :

s 2 : ety e T

LI 8_ IR T R A S —" LLI O : s NS N ; LL - SN S =S , j_“_‘—L

2 3.4 3.6 3.8 36 37 38 39 4 %.’8 4 4.2 4.4

-M, +m,, (GeVic?)

28



