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Outline

* Introduction of charmonium-like (XYZ) states and BESII

* Very recent results at BESIII:
1. ZZPWAofete” »ntn~J/Y
2. Y: cross sections of ete™ » wtmw~h,
3. X:search for 17% states in ete™ —» yDF D (2536) + c.c,, ete™ = yn(n,

* Upgrade of BEPCII and prospects of BESIIII
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Exotic states with hidden charm

Conventional hadrons

Meson

Non-standard hadrons
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Tetraquark

Hadro-quarkonium

Hybrid

Pentaquark

CZY & S. L. Olsen, Nature Reviews Physics 1, 480 (2019)
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Y: vector states
Z:isospin =0

X: remained

Primarily studies the properties
of charmonium-like states,
Including but are not limited to

Searching for new states
Determining the internal
structure

Measuring masses and
widths

Measuring transitions and

decays
Searching for new decay
channels 3




BESIIl at BEPCII

EMC: Csl crystals
AE/E =2.5% @ 1 GeV - Barrel
AE/E =5.0% @ 1 GeV - Endcaps

or = 80 ps Barrel
o1 = 110 (60) ps Endcap

MDC: small cell & He gas
Gyy= 130 pm
o /p = 0.5% @1GeV
dE/dx = 6%

Magnet: 1T Super conducting

Center of mass energy range: \/E =2-49 GeV

Single beam current: 0.91 A

Crossing angle: 11 mrad

Design luminosity: 1-1033 cm-2 s-1

= Achieved luminosity: 181-1033 cm-2 s-1
2025/08/20 zhuk@Vietnam2025



Abundant physical topics: D and A, decays, light

BESI I I data Sa m pIeS hadrons, charmonium and XYZ, T and R-value,

new physics, etc.
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How to study
charmonium(-like) sates
at BESIII

* Below charm threshold
« 2.7B Y (2S) sample
* Transitions from Y (2S)

* Above charm threshold
« 20 fb~1 collision data @ 3.773 GeV
« 22 fb~1 scan data above 4 GeV

* Line shapes of cross -sections for Y,
whose (radiative & hadronic)
transitions for X and Z

2025/08/20
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Previous discovered

BESIII From QWG ExoticHub
Y (4390
a4 ': ..y)(43zﬂ)
a :
CHE w(4230)
X(4020)~  X(4020)°
i | L
E 23900 . zdmﬁm)—
e Z.(3900)°
' v2(3823)
2012 2014 2016 2018 2020
PRL 110, 252001 (2013) Date of arXiv submission

Cited 1209 times till Aug.12 2025
(counted by Inspire)

L ]
Y(4500)

2022

BESIII has published about 120 XYZ relevant papers till Aug. 2025.
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http://prl.aps.org/abstract/PRL/v110/i25/e252001

PWA of ete™ » ™ J /Y

arXiv:2505.13222

* Z(3900) (T.1(3900))
* Discovered in J /Y1 (by BESIII and Belle) and
confirmed in DD* and n.p

* |ts isospin (neutral) partner has been found
also

* With at least four quark component
* May be strongly correlated to Y (4230)

* Data sample Vs = 4.13 — 4.36 GeV,
12 fb~1, 17 points

* Final states: t 171,

* Preliminary selection criteria are same to
previous published paper, BDT suppress
backgrounds, 5C kinematic fit
(4C+constraint on J /)
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https://arxiv.org/abs/2505.13222

* PWA: helicity-covariant method
+ T2 (3900), £i] /¥ (f; = fo(500), £,(980), f,(1370), £,(1270))

* BW or K-matrix parametrizations

arXiv:2505.13222
2 1
L * Data — Fit result [ Data — Fit result [ Data Fit result
3000 —Z(3900f (o 2000 — Z(3900)" — (mm) b
o o —_— fo(ggo) S-wave o : R fu(ggg) S-wave
= f,(1270) [[]Background = £,(1270) []Background &
[ L 1500 N\Q (©) (d)
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m(r=J/v) (GeV/c?) m(m'n) (GeV/c?) m2(rtJ/y) (GeV?/cd) m2(mty) (GeV/c4)

Summed all data samples

mass and width of the Z.(3900)F are determined to be 3884.6 & 0.7 £ 3.3 MeV/c® and 37.2 + 1.3 &+ 6.6 MeV
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https://arxiv.org/abs/2505.13222

e Fit to cross-sections of eTe™ — wZ,, f,(980)] /Y, () J /Y
* Mode I: 2BW, II: BW+PHSP, IlI: 1BW, IV: 2BW+PHSP

Mass and width of Y(4230): 4225.8 + 4.2 + 3.1 MeV/c? and 55.3 + 9.5 + 11.1 MeV

o(e*e’— mtZ,(3900f (— mFJ/y)) (pb)

arXiv:2505.13222

£ Mode | i 2 = Mode | e | Mode lll | 2" éii‘_  Mode IV~
fo(980) /o L/“ ()
z; £ LS
- s ?.‘m .... = R ——— 2 RO
Process (T'eeB)1 Ry (CeeB)2  Ro (I'eeBB)s  R3
’FTj:Z(BQOO):F 1.1+02 0405 02=+£0.1 08%+1.3 0201 3.6+24
fo(980).J /4 34405 1.0£04 04402 15419 05+£03 3.3+27 gc])rliteions
(7777 ) SwaveJ /20 1.34+£0.1 04+£03 02401 08£1.3 20£02 7.6+£1.0
2025/08/20 “Ry" are the ratios of (I'ceB)y (4320)/(I'ee B)y (422010


https://arxiv.org/abs/2505.13222

Cross sections of eTe™ —» Tt ™ h,

* Vector charmonium-(like) states are overpopulated than the predictions by
the potential model
PRL 135, 071901 (2025) BESII

—4— mrrh,, this work
95.5% C.L., this work
T 68.3% C.L., this work

T [ m*h,, Ref. [20]
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https://journals.aps.org/prl/abstract/10.1103/ljnf-4jfr

» Data samples: v/s = 4.01 —4.95 GeV, 22.2 fb~1 , 59 points
PRL 135, 071901 (2025) B-G..S‘]]I’

In this study, the h. is reconstructed via its electric-
dipole tl’E’LIlHitiUIl[ he — ~n. with . — Xil where
X; signifies |16 exclusive hadronic final states: pp.

2077 ), 2(IKTK™), 7 "'T_I'LF_FI'I_: T pp, 3(w +ﬂ_):
207t ) K K~ KYK*n7, KK*rFrtn—, KK 7"
ppr’, KTK™n, w7 w1, ‘?’(n )y, wta~w7Y, -:Llld
2(r T aY). The K¢ is reconstructed using its decay to

7T~ while 7¥ and 5 are reconstructed through their ~
final state.

s
m

Events / (0.001 GeV/c?)

Signal events yield: unbinned maximum likelihood fit
* XYZ-I (large statistics): simultaneous fit
* XYZ-Il (medium statistics): summed over fit

* R-scan (least statistics): summed over fit with background shape fixed

2025/08/20 zhuk@Vietnam?2025
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https://journals.aps.org/prl/abstract/10.1103/ljnf-4jfr

PRL 135, 071901 (2025)

BESTI

¢ XYZ Data

¢ R scan Data
— Total fit
BWs, Solution |
BWs, Solution Il

J,-‘\ru}_m %40;—

A'::, * (1 —I— (i) : (1{”1 — H|2) . ;B(hc — f':,-j'?c) . Eiij_tiﬁ:(?]'f — .:";-g') l::llig;—

T80t

_ _ + B0F-

IBW,(V3) 4 €92 BWo(v/s) + €% BW5(\/5)|? T a0k

20—

0

My 1200 B(Ry — non—ho))ils | P 5(\/) <X
NE s — M2+ iM,Ty, \/ PS

Two solutions are found

Parameter R4 Ro Ry > 50
M (MeV /c?) 4223.67 55720 4327.4777 ’l“+‘l?“i 4467. 4TZ'1T%$’
E (MeV) +1"’28+514:“] :J:RU 4+0.3 24-4 411“.“ s i—ézi +1.9 +ab—2k?+Li i+is{J}n 1
Fee'B(R — n7m~he) (eV)]10.27 (097573 5072) 291 [; 1561 : 10 8{}15;{}5 )| 995 0. aj 0. 1‘ (8.5 s ”{}i?)
@ (T&d) — 3. E‘_{} 1_:1 1 (U ?+ +{} v) 0. 7+ +n 2 ( 2. 2+ +{} 1)
¥(4230) P(4360)7? 1(4500)
Mass consistent
2025/08/20 13
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https://journals.aps.org/prl/abstract/10.1103/ljnf-4jfr

Phys. Rev. D 112, 032002 (2025) BESII
Search for 1™ F statesin ete™ — yD!D_,(2536) + c.c.
s1

* X(3872),Y(4230) and Z.(3900) are exotic states.

* Some states are more exotic than the other exotic states.

* Such as JP¢ =07, event~, odd™ 7, cannot be qg
e Light section: m;(1400), 7;(1600), n,(1855) with JF¢ =1~

* Q. Wang, Phys. Rev. D 89, 114013(2014) predicts 1~" molecule
state DD,(2420)

* Extend to D meson with strange quark, Dy Dg; (2536)
* Data sample: /s = 4.61 —4.95 GeV, 5.8 fb~1

2025/08/20 zhuk@Vietnam?2025 14


https://journals.aps.org/prd/abstract/10.1103/7b2z-qtly

Phys. Rev. D 112, 032002 (2025)  BESII
Search for 1~ % statesin ete™ - yD¥D_,(2536) + c.c.

* Partial reconstruction:

.« e*e™ (D D51 (2536) D > K+K~1%, D;(2536) ~(K D"
« ete” -(yDID;(2536),DF -» K, (rtn)K* D;(2536) - (K )D*°
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Clear D, are observed, but no significant D*°


https://journals.aps.org/prd/abstract/10.1103/7b2z-qtly

Phys. Rev. D 112, 032002 (2025) B‘@S]]If
Search for 1~ states in ete™ - yD¥ID_,(2536) + c.c.
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Typically 15 pb around 4.68 GeV



https://journals.aps.org/prd/abstract/10.1103/7b2z-qtly

Search for 1~ states in
e*e” - ynm. and yn'n,

* Analogy to 1,(1855) - nn’,
possible g1 = nn,

* X.-K. Dong, etc. Phys. Rev. D 101,
076003 (2020) and C. Shi, etc.

bhys.Rev.D 109, 094513 (2024)

predict 1~ charmonium-like

nybrid
* Data sample: /s = 4.26 — 4.68
GeV, 10.6 fb~1

* No obvious signal, unbinned two
dimensional maximum likelihood
fit

BESH| Phys. Rev. D 111, 112007 (2025)

2025/08/20 zhuk(

Events / (0.005 GeVE?)

Events / (0.005 GeV/c?

)

To select candidate events for ete™ — ~nUn,,
the 7' is reconstructed through the final states

of npmtw~, the |7.| is reconstructed through
_|_

16

hadronic final states:  pp, 2(nT7n7), 2(KTK T,

KtK—ntn~, pprtn—, 3(rtn~), KTK 2(xt

),

KYK—7% ppr®, KOK*xF, KYK*rFasnT, ota,
KYK—n, 2(xtn )y, nta 7% and 2(zF 77 )77, in

which K¢ is reconstructed from its 7+ 7~ decay, 7¥ and
n from their v final state.
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https://journals.aps.org/prd/abstract/10.1103/2rq2-nr4m

Search for 1™ states in ete™ — ynn,

Phys. Rev. D 111 112007 (2025)

and yn 1.

T _1 ete” — YNNe eteT = ;r; Ne

V(GeV) | LEb™) 5 e | VO[S, (Buen) (%) |08 (0b) [S(0) | 1+ 0] 7z | VSR | S, (Biea) (%) | 082 (pb) [ S(0)
4258 | 8284 [0.86| 1.05 |76.8 0.38 273 | 0.1]0.85] 1.05 [65.8 0.17 512 |28
4.267 | 531.1 |0.86| 1.05 |62.3 0.37 35.3 | 0.1 | 0.85| 1.05 |45.6 0.17 564 | 1.5
4278 | 175.7 |0.86 | 1.05 |28.2 0.36 49.1 |22 085 1.05 |28.3 0.16 110.1 | 1.9
4.288 | 5024 |0.86| 1.05 |30.6 0.37 185 | 0.6 0.86| 1.05 |33.4 0.17 445 |25
4.308 45.1 | 0.85| 1.05 |36.2 0.37 240.8 | 2.5 1 0.84 | 1.05 [12.6 0.18 1789 | 1.7
4312 | 501.2 |0.85| 1.05 |485 0.36 206 | 1.9 | 0.87| 1.05 |43.7 0.17 56.5 | 2.8
4.337 | 505.0 |0.85| 1.05 |61.3 0.37 26.8 | 0.9 | 0.87| 1.05 |44.2 0.17 55.2 | 2.8
4.358 | 543.9 |0.85| 1.05 |38.8 0.38 21.1 | 0.6 | 0.84| 1.05 |65.0 0.18 75.5 | 2.4
4377 | 522.7 |0.84 | 1.05 |48.4 0.37 28.2 | 1.5 | 0.86 | 1.05 |40.2 0.18 485 | 1.0
4.387 55.6 | 0.84 | 1.05 | 13.7 0.38 73.6 | 2.5 | 0.84| 1.05 | 14.6 0.18 165.2 | 1.3
4.396 | 507.8 |0.84| 1.05 |35.1 0.37 21.1 | 2.5 | 0.86| 1.05 |34.1 0.18 42.7 ] 0.6
4416 | 1043.9 [0.83| 1.05 |45.2 0.37 132 | 0.1 | 0.84] 1.05 |70.9 0.18 419 | 2.3
4436 | 569.9 |0.83| 1.05 |91.3 0.38 493 | 1.1 1 0.85| 1.05 |32.4 0.18 35.3 | 1.1
4467 | 1111 |0.82| 1.05 |27.5 0.38 771 | 0.8 ]082| 1.05 |13.7 0.18 793 | 0.9
4527 | 1121 |0.81 | 1.05 | 60.0 0.38 38.9 | 2.0 081| 1.05 |16.2 0.19 90.0 | 1.0
4.574 48.9 1 0.79 | 1.05 |24.1 0.38 179.7 | 1.5 | 0.79 | 1.05 |12.6 0.20 158.7 | 0.4
4.600 | 586.9 |0.78 | 1.05 | 60.6 0.38 327 |24 0.78] 1.05 | 174 0.20 184 | 0.9
4.611 | 103.65 | 0.77 | 1.05 |24.0 0.38 785 | 0.7 | 0.77| 1.05 | 12.9 0.20 783 | 0.1
4.628 | 521.53 | 0.77 | 1.05 | 77.6 0.38 48.8 | 1.3 1 0.77| 1.05 |27.4 0.20 33.7 | 1.2
4.641 | 551.65 | 0.76 | 1.05 | 28.7 0.38 17.3 | 2.2 0.76 | 1.05 |25.1 0.20 28.8 | 0.2
4.661 | 529.43 | 0.75 | 1.05 | 55.9 0.38 354 | 1.2 1 0.75 | 1.05 |29.0 0.20 344 | 1.5
4681 |1667.39|0.75 | 1.05 | 71.8 0.38 145 | 1.4 078 | 1.05 |46.1 0.20 165 | 04

No significance reach 3a. Upper limits are provided.
2025/08/20 zhuk@Vietnam2025
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https://journals.aps.org/prd/abstract/10.1103/2rq2-nr4m

Overview of BEPCII upgrade project

AA25.E.E.0.0. Physics predictions
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* KEDR new scan points positions are fixed at
Expected total uncertainty is about 3 % (systema

BEPCII upgrade aims at: Increase luminosi

CD predictions 1.0 1.5 2.0 S .28
fe.uncertainty about 2.5%) Beamenergy (GeV) ¥

actor of 3 & Increase beam 8GeV

Timeline of BEPCII operation and its upgrade

2020 Jun. 2021 Apr. 2022 Jul. 2024
White Paper of BESIII Feasibility Study Report Design Finished Shutdown for Installation
BEPCII keep running
Internal Review of Accelerator Project Approved Eabirication Binichad Commissioning
May. 2020 Jul. 2021 Jun. 2024 Jan. 2025

s TOHLULLERUTH Y. Zhang @ BESIII 2024 winter Col. meeting

Institute of High Energy Physics Chinese Academy of Sciences



Overview of BEPCII upgrade

Key Technologies: Double beam power & Optics upgrade & ngher gradient of magnets

BEPCII | BEPCII-U | BEPCII-U
@ 2.35GeV @ 2.35GeV @ 2.8GeV
L [10%em~2577] 3.9 11 3.7
By [cm] 1.5 1.35 3.0
Beam current [mA] 400 900 450
SR Power [kW] 110 250 250
$ylum 0.029 0.033 0.043
Emittance [nmrad] 147 152 200
Couping [%] 0.53 0.35 0.5
Bucket Height 0.0069 0.011 0.009
0,0 [CcM] 1.54 1.07 1.4
o, [cm] 1.69 1.22 1.6
RF Voltage [MV] 1.6 3.3 3.3

reusvi e CH.Yu @ BESII 2025 summer Col. meeting

Remove 7 beamlines
Remaining 9 beamlines ,

No dedicated SR operatlon only parasitic SR
experiments, 10 months/year BESII|I tlme.



- Status of BEPCII-U commissioning

BEPCII1-U Operation plan

« Jul. 2024 — Dec. 2024 Summer shutdown for installation

« Jan. 2025 — Jul. 2025 Commissioning & Data taking @1.843GeV y (3686)
» Aug. 2025 Summer shutdown 4EEEEE | Wwe are here

« Sep. 2025 — Jul. 2026 Data taking @1.843GeV & 2.35GeV (project test)

* Aug. 2026 — Sep. 2026 Summer shutdown & LINAC final upgrade

* QOct. 2026 — Sep. 2028 Data taking within beam energy 2.1-2.5GeV

« Sep. 2028 — Jul. 2030 Data taking within beam energy 2.5-2.8GeV

C.H. Yu @ BESIII 2025 summer Col. meeting
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- Status of BEPCII-U commissioning

BEPCII1-U Operation plan

« Jul. 2024 — Dec. 2024 Summer shutdown for installation

« Jan. 2025 — Jul. 2025 Commissioning & Data taking @1.843GeV y (3686)
» Aug. 2025 Summer shutdown 4EEEEE | Wwe are here

« Sep. 2025 — Jul. 2026 Data taking @1.843GeV & 2.35GeV (project test)

. Aug. 20 ™ 2025/26 (round 19) — allocation not final
i BEPCII-U: demonstrate operation at high energy, show gain in luminosity

Run at 4680 MeV — start collecting AT A, sample (requested total of 9 o)
e Sep.20:  Scansaround X(3872) and x> (about one month each)

* Oct. 20z

C.H. Yu @ BESIII 2025 summer Col. meeting
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Summary

* The BESIII experiment has made crucial contributions to the study of
exotic charmonium-like states, leveraging its unigue data samples and
excellent detector performance.

* Looking ahead, further exciting results are anticipated with increased
statistics. These future studies are expected to enable the discovery of
novel states, including those containing a strange quark component,
and the application of refined techniques such as partial wave analysis
and improved parameterization methods like the K-matrix approach.
Additionally, research will focus on elucidating the correlations
between charmonium-like states and their underlying nature.
Collectively, these advances promise to deepen our understanding of
non-perturbative strong interactions.
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BESIII has studied XYZ states via
e™ e~ annihilation samples exclusively

* YNe VTN,

* TUTU N,

* TUTUTON,, TUTU NN,

o vt U )/, YOI/, ywi/ P, yyI/Y
* 1%/ Y, nJ/Y, n'I/Y

s tt )/, mOm I/, mOnl/y,
K*K=1/, KO%KOJ/,

* J/YX

* YXo » YIUTU X1, YT Xep, TOOTOX e 5
° chJ’ (I)XCJ

° T[+T[_XCJ

* nh,

* tth, O1t°h, K%KO%h,

* YYW(25),

* NY(2S), n'Y(2S)

s T+m—YP(2S), monoP(29),

K+K-Ww(2S), KoK W(3686)

* W(25)X
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e U TUY(3770), KK™P(3770)
* VX(3872), yriPX(3872),

w X(3872), $pX(3872)
* X(3872) lineshape

* YYW(3823)
* TUH T PU,(3823), mOmtP,(3823)

 Other channels, such as
updated %', t%nh, are
on going
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