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What are charmonium-like (XYZ) states

4.4

4.2

3.8

2Mp

3.6

3.4

charmonia: c¢

L nc(mso) "U(4as1)

-z )
c2(3%P2

L0 Xc1(33P1)

’ Xco(3°Po)

Xe2(2%P2)

X(3872)

Xco(22Po) /

veEs) oz /T
Xea2(13P2)
Xec1(13P1) —

3.2 - ‘ predicted, discovered ‘
predicted, undiscovered
3.0 - m ‘ unpredicted, discovered ‘
o+ 1— 1+- O++ 1++ D+
JPC
20267276

Exotic states with hidden charm

Conventional hadrons

Meson

Non-standard hadrons

E
@

Molecule

Tetraquark

Hadro-quarkonium

Hybrid

Pentaquark

CZY & S. L. Olsen, Nature Reviews Physics 1, 480 (2019)

Y: vector states
Z:isospin =0

X: remained

zhuk@BESII LIRS

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




How to study charmonium-like states at BESII
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g - . . _., accumulated at BESII|
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fo B . 22fb~! above 4 GeV
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TN RN N SRR NS U NSRS S NN SR N RSN U AR
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Center of mass energy (GeV)

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




Previous discovered

BESIII
(4390 [. ) ® cc{ga/a)
, Y (4500 o
4.4 -.y)(43zﬂ) o i
,;, ® ccgs
) [ ]
CHE w(4230)
X(4020)~  X(4020)°
E ] [ ] °
S Z.(3900)~ Z..(4000)~
L &
. Z.(3900)°
: y2(3823)
2012 2014 2016 2018 2020 2022

(HEE) 2013 EE “MIBERE 2 E
ExEARFE _FX®

Date of ar¥iv submis=sion

From QWG ExoticHub
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Phys. Rev. D 111, 1011101 (2025)

Recent highlights (I): e*e™ — nh,

16 n. decay channels

- 30¢

L C — - — Best Fit

C . — 60N, = 104 + 16 ¢+ Data O C ——— BW1
a- 50F 4 hc s!gnal N(.) C ;}!:jof — 43.8/46 — Best fit .9: 251 -—- BW?2 fixed
-S:U . I h, sidebands S S /| ~ == BW3
o)) o F | e Background -g Measuremen t
= } = 40 % I Sideband P
F_"' } < &y o7 el . (T N MC Background |
_:‘"_‘ — 30 = oy
w Q +
— C (0]
5 5 2 o
> L|>J @
8 10 t o I

DD """"
285 29 295 3 3.05 3.1 3.15 0 Eolc i1 |

AT N T T E T N SN T SN SN S N (N S M
4.1 4.2 4.3 4.4 4.5 4.6 4.7

M(Hadrons) (GeV/c?) Vs (GeV)

Mrecoil(n) (GeV/ 02)

[..B (eV) M (MeV/Z)  Thor (MeV)

0.804+0.1940.45 4188.8 4.7+ 8.0 494+ 16+ 19

2026/2/6


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L011101

Recent highlights (l1):

§140

ole'e—mrh
D
o

2026/2/6

60

50

Events / (0.001 GeV/c?)

+ Data

— Total Fit

¢ XYZData

¢ Rscan Data
— Total fit
----- BWs, Solution |
_____ BWs, Solution II

Te” > ™n h,

Phys. Rev. Lett. 135, 071901 (2025)

% L % r —4— m*wh,, this work
=100 = 95.5% C.L., this work
5 3300 #1711 68.3% C.L., this work
~ L ~ - mwh,, Ref. [20]
L B + —— T d/y
L — —— nOZg
[ 200_ 3 “mw (3686
sol- F T ,{ B Patti
L r + # [ ) mxc%
L 1001 it =D’D*
L i @ —— DD
L F —4— ndiy
T T TS [ T S N S S B —— K'KJhy
4190 4200 4210 4220 4230 4240 4250 4260 4300 4400 4500 4600 4700 PDG
Mass (MeV/c?) Mass (MeV/c?)
Parameter Ry Ro R3
T AT T2 o0 A F3.6F2.0 T20.1F10.7 FT.2F3.2
M {l'le\- /.C ) 12256 10387—4—6279 war J;—34 0+2?13i> o 419 24 9297
L (MeV) 1:84:1 4 b JGFS 40.3 +5 )44414 AL 14,?23" 1.9 +3(1187 144 +7300 1.5
‘ _ ; T 4 . LS I o1 1. ] 2
Pee:B(R = m = he) (V)| 10213750775 (0915730 05) | 291 5 Ty (108105015 39007 Lp5 (35116 p17)
¢ (rad) 36701 01 (0.7553703) [0.7553765 (—2.2755757)

The third resonance is necessary with statistical significance of 5o
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https://journals.aps.org/prl/abstract/10.1103/ljnf-4jfr

Recent highlights (lIl): PWA of ete™ —» wtm™ ] /y

Phys. Rev. D 112, 092013 (2025)

vV (4220) Y (4320)
Process
+ T n M (MeV/c?) I (MeV) Significance
m~Z¢ (3900); fo (980)]/1/1; (T[ T )S—Wave]/lp 7% Z,(3900)F (model T) 42957468 +£68 665+16.1+£241 210
— dominant 7% Z,(3900)F (model IT) 422314£644+06 538+101+£03 200
Zc (4020) IS not S|gn|flcant fo(QS?)J/-c':(mode] 111 ‘ 422?.614.5i0.£_} 484498402 0.5¢
(T )gowaved /1 (model IV) 42188 4£3.44£3.7 4354+£53£5.0 11. 7z
Sample M MeV/c?) ' (MeV) Y (4220)ve 4295 7+41+34 575+94+12.1
4.1567 — 4.1989 3883.5+1.6 38.6+3.6
4.2091 — 4.2357  3884.04+1.0 37.8£1.6 E 2327 ~+ Data g = Data
1.2438 — 42776 3884.9+ 18 34.2+3.3 z 15/ Tz L) ff,}'@m\
4.2866 — 4.3583  3890.0 4+ 2.3 36.1 +4.2 Ve Yi4320) T oef \\ PHSP N
Average 3884.64+0.7+33 372+1.34+6.6 g 10f g \
i = © 10
; ; ; . . N E N
Mass and width are consistent in diff E regions s o :
[ . ga(lta : — Fit result 2000: . ?a(\la " — Fit result T e % o: —
3000 — Z,(3900) - - — Z,(3900) - 4
o o _fo(gao) (Tl: T )S—wave o L _fo(gao) (J’t T )S—wave - . ta., ., " E 0 - . .. . /
= i f,(1270 Back d = r f.(1270 Back d I M L Lo
= [ 2(1270) []Backgroun 21500 2(1270) []Backgroun 4.1 42 4.3 44 i1 42 4.3 44
Ezooo— (@) C s (GeV) s (G
ot 81000:
2 [ s 2T 2 E 3 Data e D
@1000F e S 5 wf (© — Fit & 100 (a) — Yi4230)
U>J : “{r\( ‘-—.-h_. Lﬁ 500-_ fz ;g; Ew 80:, ::jsgm
B - ® 30E i
- Py . C L1 asE = g0 KN
A - 0 g o N
6 " . 6 = 15E ] T 40 4 N\N\‘\
52 () fessevevorer = = = 22 :-E‘!',..r-."':n...u-‘.“.‘:ﬂ. %, sooved =2 o...............-:w:...-,...‘....:.g’n:'h < ne sy e ; = 5 sl j \
_6...|.."¢"|...|...|...|.'..l. -6""""-"""""""'."' %5;—][ R
3 32 34 36 38 4 42 0.2 04 06 08 1 12 14 407 4_
m(rtdAr) (GeV/c?) m(rnim) (GeV/c2) g Ottt et g0 ettt .
LE 42 43 44 PR 42 43 44 45
s (GeV) Vs (GeV)
KL P 2

Suffer from multiple solutions and local minimum


https://journals.aps.org/prd/abstract/10.1103/f94z-snbh

arXiv:2601.02136

Recent highlights (IV): ete™ - n®n%P(3686)

2026/2/6

o (pb)

F I 02,y (This work) 60 ; —}— Data
40 - I oupun ot 2 | Solution IV —— Fit result
B [ ose = T A S Single BW
30 - ] o 2 40 |- Non-resonance
: i 2
B ® R
o0 l 1 3‘? 20 |-
B i —E B
0 [[H]lﬁ] [ [ l [ 5 |
B 0
ML NEANRLN :
I | [ I | | I | \{ ] L | L 1 | |
4 45 5 4 42 44 46 4.8
3 (GeV) Vs (GeV)
Parameter Solution I Solution II Solution III Solution IV

M (Y 4230) (MeV /&%)
' (Y'4230) (MeV)
BI*¢(Y 4230) (eV)
M (Y 4390) (MeV /c?)
It (Y'4390) (MeV)
BI“¢(Y 4390) (eV)

M (Y 4660) (MeV /c?)
' (Y 4660) (MeV)
BI“°(Y 4660) (eV)

0.81 £0.07 £0.37

3.184+£1.21 £0.57

0.80 £0.73 £0.14

0.02 £ 0.01 £0.01

292+1.07+£0.36

0.79+0.70 £0.13

42344 (fixed)
17.6 (fixed)

0.87 £ 0.08 £0.43
4383.0+86+1.9
117.44+£20.7£ 4.8

990+ 1.42+0.76
4684.0 £17.3£1.9
119.5+47.1£9.1

5.36 + 1.60 £+ 0.39

0.02+0.01 £0.01

9.03 +£1.224+0.09

531 +1.58+£0.23

by (4230) (rad) 2.03+0.25 6.14 4 0.41 1.23+0.18 5.35 4+ 0.52
by (a660) (rad) 5.99 + 0.40 5.93 +0.40 5.28 + 0.46 5.22 +0.46
deont (rad) 3.87 +0.36 3.60 + 0.33 2.23 +0.27 2.06 +0.24
a (x107) 12+9.5 3.3+ 8.0 5.3+228 4.9+226
n 8.7+ 1.8 e BB LB iy 2 89 £ 36 8.9+ 3.6



https://arxiv.org/abs/2601.02136
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arXiv:2601.20790 [pdf, other]

Observation of the decay y_,(3872) — Jiyp'p~
LHCb collaboration: R. Aaij, A.S.W. Abdelmotteleb, C. Abellan Bete

3400

B(Xcl (3872) - ']/,Lf.r)'uﬂ»#.i)
B(x01 (3872) = Jhpmtr)

mJ/wu*u* [MGV]

= (1.6440.3240.05) x 107*
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Phys. Rev. Lett. 131,

*BRTKK]/ Y, FA7EE MM ete™ » KK + - 211902 (2023)

f_ﬁ'flrmonium (Uc» XgO' Xgl' I)E(CZJ I_:_"'g' lp(zﬂ’i/_).(:.3770))
FUEF, YREEITRERBIEZESILR,

CREHE et oy SIRBEL C TN ER
XS 7

° 757_1(]/1/)?\% EE Z S,u -

ESIII (2022) + — Fit result
—--—-Y(4230) ----- Y(4500) - Y(4710)

Dressed Cross Section (pb)
o N I ()] (04]

Candidates / (10 MgV)
= — (=) o] Lo

E, %B%Eitﬂ]ﬂ']ﬁ’lﬁﬂzﬁ'l\

4.2 38 4 4.2
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PRL 131, 211902

PRL 127, 082001 (2021)

(2023)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211902

Ways to beyond the limited statistics (analysis)

* Improved reconstruction methods and more decay channels

Phys. Rev. D 111, 012016 (2025)

Decay channelsine*te™ = ¢y o/n:2(1D)

X co Full [Miss K*Miss 7%| Miss 7°
Decay KEntnOKtnt a0 KTt nO K+t 40
L 2 201 202 10- - -
ata—a%7% |2 2 2/1 22{2 122 21
KTK—nt 7= 4 203 204 10]- - -
2(rt ) 2 401 402 30- - -
() 2 601 602 50]- - -

arXiv:2407.20009

Various reconstructionsine¥e™ - KTK~Y(25)
* Approach (i):tag K*, K~, andJ/y fromy(2S) - X J /¢
« Approach (ii): tag K*or K, and y(2S) withtT =] /¢, 1C
e Approach (iii):tag K*, K=, and y(2S) with [T1~
e Approach (iv):tag K*or K=, and y(2S) with [T1~, 1C

* (Deep) machine learning and Al assistant?


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012016
https://arxiv.org/abs/2407.20009

Ways to beyond the limited statistics (data)

BEPCII has upgraded in both Lum. and Max. E .}
) ] o ';8xmﬂr
* Luminosity is increased by a factor 3 g SN o
> 6x 102 | \ imes
@ 2.35 GeV g &%
* Maximun beam energy is increased up = 4x10%] }’\'\;
to 2.8 GeV S
2x 10°F
. . . ‘
1.0 1.5 2.0 2.5
3eam energy (GeV)
2020 Jun. 2021 Apr: 2022 Jul. 2024 Feb. 2026
White Paper of BESIII Feasibility Study Report Design Finished Shutdown for Installation Taking ¥ (25)
] data
BEPCII keep running
Internal Review of Accelerator Project Approved Eabrication Finished Commissioning
May. 2020 Jul. 2021 Jan. 2025

Jun. 2024

2026/2/6 zhuk@BESIIEIE IR F < 13



Accelerator physics

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

b 2 @ b2 tl/?,nl
[ SR TS I LY ucq-«u Ll |

‘;; . a\f’ AL | 1A
HRARPF Institute of High Energy Physics Chinese Academy of Sciences

C.H. Yu @ BESIII 2024 autumn workshop

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



- Status of BEPCII upgrade project

BEPCII Operation plan

e Sep. 2021 — Jun. 2024 Data taking at w (3770) for 20fb

e Jul. 2024 — Dec. 2024 Summer shutdown for upgrade

« Jan. 2025 — Jul. 2025 Data taking at beam energy 1.843GeV w (3686)

« Aug. 2025 — Sep. 2025 2hd SC magnet hor. test & the 4™ RF cavity installation
E Oct. 2025 — Jul. 2026 Data taking around beam energy 2.35GeV (project test)]
* Aug. 2026 — Sep. 2026 2 SC magnets installation & 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

W& TOHEULLERMEH C.H. Yu @ BESIII 2024 autumn workshop
QST Institute of High Energy Physics Chinese Academy of Sciences



A short term plan for next two years K9k &

FUDAN UNIVERSITY

¢ A Short term plan for 2025-2026: [9/fb + 18/fb]

® 461-4.75GeV, 10 points, 7.1/fb in total [114 days] = Y(4710),Y = Z_

Z.! in both open charm and hiddern charm processes

¢ PlanB: 4.61-4.71 GeV first, 3.4/fb in total [55 days] ~
® 4.4-4.6 GeV, add 7 points, 20 MeV step, 3.5/fb [56 days] = Y(4500) @ z
e data samples around 4.7 GeV for Zcs, 2-3 points, 2-3/fb each, 1200
exact enery to be determined from the scan result [96-144 days] - DU o —apeas —paaes
® 476-5.0GeV, 25 points, 18.2/fb in total [319 days] z ®
N ~ N —— = ol o N '©.@.@@. o B ee o0 sveee
[ BESIIREKITRIRERELEIE, #FFilEE45GeVI X, & w © . R
BRRAVRRATEIN, I HE IR R ERE S MR w ; . .
EZE XEe— IS hEiE. 1) BRiESs SERREERSE X ' |  Mav
EPEN X AEZSRE (WEBRMNSR. BF0FS) BREEA
HNEEEn., 2) KEEF: ETHEHEN"FE B R" (WNEEEE
 BOHRE) kREMBHEFENER, 3) REMAR. ERELT
M, RONBA ST GEI ., bUB e i B R L. Vuping @ BESIII 2024 summer Col, meeting
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AT EZ! l\='J* BEA4.68GeVERIEE
KK{ccbar5=

« ET— 1 IET RAERFEN
s BRIEINEFEUEEIATRAEZNX F=3E J /Y RIBE)
| N(mtn /) - NK*KT]/9)
N(*n™X) @a236ev  NETK™X) @a68cGev

* For hc, double current luminosity (1.6/tb) is enough; for psi(2S),
triple 1s enough
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211902
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.092012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.072001
https://link.aps.org/doi/10.1103/PhysRevD.101.012008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.092005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012009
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WX co Why the structures order like this?
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___ Phys-—Rev. tett 132 161961 (2024)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.091103
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.161901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.161901
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