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Beljing Electron Positron Collider (BEPCII)

| bem energy0.92-2.4525GeV Q‘% ﬂ* f

2025 inner chambeA CGEM
20(25): energyupgradeto 0.92-2.45252.8) GeV
\\ 2004 started BEPCipgrade,BESIHonstruction
2008 test run

2 2009-now: BESIII physics run

8 A 19892004 (BEPC):

§  Le.sl.0x10%cm?s
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BESIII detector

NIMA614(2010)345

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

AE/E =5.0% @ 1 GeV - Endcaps
:— TOF:

¢80=

ot = 80 ps Barrel
ot = 110 (60) ps Endcap

0 6 0 __:9500

—ps0d

€60

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

Magnet: 1T Super conducting

Muon ID: 9 layer RPC

Trigger: Tracks & Showers

EXxcellent resolution, particle identification, and large coverage
for neutral and charged particles
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>50 fb! at E,,,between 1.84 and 4.95 GeV in 15 year running



Two-body
Thresholds

Molecules

Gluonic

Excitation

aq
Mesons

Hadron physics opportunities:

. Precision hadron spectroscopy
understand the establishdthdron
states

. Search for the unexpected hadron
states and spectroscopy stu@y
explore nature of exotic hadron states

Unigue hadrons at BESIII
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If; Q05 DD

ToEi Q.0

dag,u:ﬁg,sgg ccy

994, 99

Light Mesons
m, 1, 0, P,
p! f! a! h! K

Charmonium
Jhy, x, w(25)

BESI|I i
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Mass [GeV/c?]

Two golden ways to study hadron spectroscopy:

A Charmonium decay&@BJ+ and2.7B-  1):
O, light hadrons

A Direct production, radiative and hadronic
transitions(23 fb! dataabove3.8 GeV):
O, heavy hadrons (XYZ)

Charmed hadrons:
. Produced in pair
. Quantum correlated O

20 F£A @3.773GeVe 0 0 andO O
0.48FA @4.000 GeVS 0 'O

7.33 EA @4.134.23GeVS 00
45 FEA @4.64.7GeVeQ O



Physics at BESIII
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* Hadron form factors

* Y(2175) resonance

* Mutltiquark states
with s quark, Zs

 MLLA/LPHD and QCD
sum rule predictions

1
=3

* Light hadron spectroscopy
* Gluonic and exotic states

* Process of LFV and CPV

* Rare and forbidden decays
* Physics with T lepton

Lo
Ecm (GeVv)

XYZ particles

D mesons

fy and f,,

D,-D, mixing
Charm baryons



Publications of BESIII

150 mPRL m Other
= Nature(Phys.,Com.) Accepted
m Submitted
Total: 766 [720 + 11 (accepted) + 35 (submitted)
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31 New Hadrons Discovered at BESIII
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More than 720papers andl39in Phys. Rev. Lett.
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Glueball candidates in radiative
J - decays

Y Y Y
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Striking example: X(1835) - 6+ ' -7

First observed by BESII

PRI95(2005262001 PR106(2011)072002
dr\ 120 L L L L L BRI R I SNLEL N L LR
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o (5 - p
S S 300 F <)

& S -

= 40 '% 00 £

> . | O.I0583l 5 100 F K 0.228
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Confirmed by BESIII with much higher significance

PRL117(2016)042002

— PHSP MC
1.09B Bl Background
e PP threshold

14 16 1.8 2 22 24 26 28 3
MW e] (GeV/c?)

With more and more y/data, more and more features appear:

1. X(1835) with a sharp dip at threshold
2. X(2120), X(2370§(2600)h(1S)
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Other examples: X4370 and X2600

Observation of X(2120), X(2370)

and X(2600) in J/o1' += The 3Cof the X@370) is determined to bel*in J/- © 1 KK

10° PRlL12S?(202IZ)OA:200fL | K haxc oTR4 D G5 E N
(E; 39 _ —+— Data nc—-"‘”
3 FE5E Background vox e
= 30p 108 PRL132(2024)18190M 0 0 1,
S 25 3 X(1835) ) 180f 10B KoMy = 1.20
o 20 l X(2120) X{2370) x(»g00) ° %:23? :EE:ErOIECtIm E
] o - ground —]
@ by ™. S120f 7 pionresonant
e 5_100:_ - X(1835) =
- — - X(2a00)
) o B0F mﬁ E
AT = 60f -
] 2 = - i
0 e At Ll 40 = ¥ | =
1.5 2+ ) 2.5 5 3 20, St L
Mn't'n’] (GeV/c?) o 2.2 2.4 2.6 2.8
MKgKgn- (GeV/ c™)
JFS unknown noJ [ 2024
M = 8 8 & Mevie
G= MeV The X(2370) 1s a strong candidate for a pseudoscalar

h radial excitation or exotic hadron? glueball (based on lattice QCD predictions)!



Other structures aroundynproduction threshold

Observation of X(1880) inJP13(Z Z ) Observation oth(1855) in J/ 04"
W s < . PRL129(2022)192002PRD106(2022)072012
G- éepmf 0 1 ®m frneh3n

O Physics Magazine | X @ p Evidence

of a new subatomic particle b w 1 -
2
PRL132(2024)151901 °
- T i ¢ data %
&520000 : - : E-_nii(t(qe;;tl)l)»fxmesm % ;
310000 | 19 1.I5I — é — I2.ISI — ll’a
P M(n) (GeV/c?)
A Isoscalastate with exotic quantum numbeis=
T M = MeV/c
1.6 1.7 1.8 1.9 2 _
M (6m) (GeV/c?) G= MeV
M = 8 8 8 MeV@ . : .
G838 8 8 MeV (ritical to establish th&®* hybrid nonet,
Qupport ,(1710 overlap with glueball.
M= 8 8 MeVi@ pport (1710 P J

8
G= 8 8 8 MeV
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Study ofJ/- O 4 ¢

This decay gives an access to the mesons produced in radiative decayg of J/

PRD111(2025)052011
T ¥ T T ¥ T T T T "
LN, = 1154080= 144 ] P By = 1X) X BX ~ 1)
& 1000p= bin . = 1. - ¢ (1085
< L i 1
% - 1n(1405 Resonance M (MeV/c?) [ (MeV) B(x1079) Significance
E J1(1285) 1281.9 227 0.29 £0.03%0% 17.30
© f1(1420) 1426.3 54.5 0.55 +0.07+013 9.00
N 1(1405) 1422.0 £2.153% 86.3 £2.7°75, 3.57 £0.18503 18.90
; f1(1510) 1518.0 73.0 0.78 £ 0.09-034 53¢
I= f2(1525) 1517.4 86.0 276 +0.18702 16.40
2 X(1835) 1849.3 £3.01]5, 179.6 £ 8.71373 3.37 £0.197078 1530
L /2(1950) 1936.0 464.0 9.96 = 0.6013 1 13.16
/>(2010) 2011.0 202.0 4.63 £0.437142 1136
£0(2200) 2187.0 207.0 0.20 £0.04709 6.30
= e 2983.9 320 0.21 £0.037953 12.90

E N"M ‘%“‘m*n "*’M A ﬂu]
1 1.2 1.4 1.6 1.8 2 2.2
M@y ) (GeV/c?)

-5

low

The decay X — y¢ should be enhanced for s5 states.
Note the absence of the f,(1710) and X(2370) [#(2370)], for example.
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Events / 20 MeV/c?

Study ofd/- and- (3686)° ' KK

3l 01 Kk A (36860 ' Ks
PR®8(2018072003 JHEP10(2025)081

* Data

--PHSPMC 1 .3B

— Signal MC

Good check in different decays

=
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6000 The masses and widths of the
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- - Sujl-lz)(éf E aﬂd‘f‘z [fz( 1 270) ,fé( ]-5 25)7f2( 1950)]
--F

5000

4000

n

S

—
|

3000

2000

are consistent between J/y and y(295)

1000

Events / (22.50 (MeV/ ¢2))_

decays. Production 1s different.
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Charmonium¢like) states
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oy X(3872)—ywdhy) (pb)

0 0 Y@ka?wo 0 y)T H UL

The(3872) was first ebsenvedin}® 0 Ep*p /U by Belle

in PREQL(2003)262001: Wtwas. usuallycstudie @ decay S
w0 €€ collision, by Béelle,BaBar DO, CDEAHCH and BESHI |

mm & AXE@82P mpp /T

BES]]I PRI112(2014092001A PRI122(2019232002
g 08 S0~ T
— i p+p- J/y —+ Data N E_2014A 2019 20A 90
% 0.6F o e % P30 116 fo' k  signals
+l; : = 30
=~ 0.4 N
T 7 @ 20F )
Q 0 2' @ C
et 0 10[ }
d X o P s AL
4.6 o 98 3.85

Unique at BESIII; BEL

M@t Jhy) (GeV/c?)

O pp *d-~-9%

Strongly suggest the Y(4230)A gX(3872) transition A Commonal ity bet ween

PLB 725, 127 (2013) / RMP 90, 015003 (2018)

39

Y(4230)
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More decay modes o
mm O AXE872C 77 ky, mm O AXE8T2P ap'p’ mm OWX(3872P wp'p */F

PRL122(2019)202001 PRI124(2020242001 o PRE130(2020)151904
Lo 5.25 of 4o | R T o
= oo

No 4 4] 10_ = = = Background
_s CVA E B sigeband
P = 5 a °F
w =, | e  4b

1 * % 51 S o u 21

— Ir 4
- D 0 OEL,L. : - >
3.75 3.80 3.85 3.90 3.95 4.00 F 3.8 3.82 384 386 3.88 3.9 3.92 3.94
M%) [GeV/c’] 55 M(r JAp) (GeVic?)
O

, , . _ 8 3.9 3.95
Bl 60 yY1ZHulB[- 60 $PTHAE=8 3 8 M(D °D) (GeV/c?)

am O AX(3872P Awd/y mm © FXE872% AR 24, A

PRL122(2019)232002 s’ A

‘% 20 g °t e g 10- boade iyt T +
= F & 2 S 2 L = Lt
% 10 eban. ..:: 60 - mode :‘;'40' N
S : , - §“°§ ¢ IR E :

0%585 3.9 3.95 I — 20;_ ‘ ; %ﬁxﬁ%ﬁ.ﬁ 20
é : B ’ & M) (Ge\ﬁi;i?) 0 % nﬁ(ﬁm) (G‘é"%fcz) e )
% R= G ry 1 0.59at 90%C.L., agrees with
. TR T - G oAWK T o

M) (GeV/c?) Belle €2.1), whilechallenges Babar(3%1.1) andLHCb
Bl 6o PWWE/B[- OoPTHIE 8 & 8 results (2.48 0.70)
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Recentupdate onthe: @y © H

Using thothe( )% R andZ( ) O, Z'Z M) to access ithe natrix pole position

PRL132(2024)151903
. 240 ¢ |
~ 220 ]
3 60 200 :
2 50 180 i
— - E :
= 40 3 160F ;
<50 < 1408 |
z 3 120 |
g S 100E 1
= 10 2 80F ; I'.,‘
Bl kil Ll Gl s T ] LT TIE CTL ST UENPPE SUPPppe 0 R L ade, T b 60 = .' | "»‘
3.92 394 396 398 3.75 : : . . 40E & | .
2 20F AR ..
1 L ;}{1} 11 ]}l} T¥ }}{ 0 0.:_-'_ -------------- |I|| | | —.I -------
H SR EE _2 I 2 4 6 8 10 12 14
3.86 3.88 3.9 3.92 3.94 3.96 3,98 3.75 3.8 3.85 3.9 3.95 4 E (I\-‘ICV)
M (D°D°x°) (GeV /c?) M (mta=J /) (GeV/c?)

Using a Flatte parameterization with DD* and pJ/y coupled channels. ..

T-matrix pole position: (3871.70 £ 0.15100) — i(0.19 £ 0.087015) MeV

The real part is still consistent with the DD ™ threshold (3871.70 £ 0.11 MeV/c?),
and the imaginary part leads to a width of 0.38 MeV.



Events / 20 MeV/c?

= Ayl

i states: chamoniumlike states with 3&1-; observed in initial
state radiation (ISR) or direa*e  annihilation

mm (9> pp /I BESTT am &pp /Y Precisionresultsog g © p p *&
PRL95(2005)142001 PRI1182017)092001 PRD106(2022)072001
O LI 100 100 ¢
Wt - = —+ XYZ data
L |— (4230])1' ’ i E - _+_XYZ g 28; —+— R-scan
30} oef o e 80 __ Fit | =~ 0FE Vs=3.8713
_ h“ "'f i h Hﬂ"f‘ it ] - : ‘—)"“9_ 60; — Fit
TN 2 o - - Fit # £ cof
36 38 4 42 44 46 48 5_ _.'!:: : IT 40%
] = © 30K
* : ? 40 % 20
1 o - 10
Bl T4 M T 00 MNod—ey 1 a
| | WI—“ETl_f‘m‘ .T_ : $ ¢ % 0;—-‘—-—41—-—----.-—-—-'---'--'—..—.-;‘-_!.-f-’.—-'-.-.:-.w-;:!&é‘-.--'-.-;+‘-
' N Y YT 438 4 a2 a4 a6
merIAy) (GeV/c) 28 4 @(“éev) 44 48 s (GeV)
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ed(e* e~ = nh.) (pb)

Residuals gdress

c(e*e —=nJ/y) (pb)

Morey

PRD111(2025)L011101
30r i BW3
:- - G_ﬁsfl'{lf —--—-Interference
20: BW?2 fixed ¢ Measurement
103
o
207 'Illnuuu}.l..
0 i—“‘?‘i"‘#ﬁriﬁ; -5-1-2-;—;1—;——{-———{————5 -------
a1l 42 43 a4 45 46 47
Vs (GeV)
PRD109(2024)092012

}. . 0 ‘l'_”;n- P ooBESNI(2012) 1 o® BESIN (2015)

oB BESIII (2020) of Belle

I o8 This work

g &
3 A
r ' g
B i B
g } |4
iRy hud Wt b
LU | | T L ! | |
3.8 4 4.2 4.4 4.6 4.8 5
Vs (GeV)

iInformation

Besidesgm © Z Z T+, other exclusive
cross sections also show signs of Y(4230)

140
100 ~#-nh (this work) & KK Jhy
100 B - 0%, v nOn%J/y
% B 'y (3686) o Jdhy
S 80 - J_‘,é KK Jdy 4 ndhy
z 60 :_ -1-. 4t h, ‘.T+DDD*
§ 10 - & D, D, -+ y(4160) PDG
E A v(4230) PDG
20
OF

oo o e by
4150 4200 4250 4300 4350 4400
Mass (MeV/c?)

Masses of Y(4230) are consistent among
exclusive channels, but widths are not
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o(e*e—wy ) (PD)
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Examples forl states with higher mass

PRL135(2025 071901

PRL129(2022)102003
mam 244 9. (3029¢ 0
‘_—+—Data

F = Two-BW fit

| --- One-BW fit

N y (44504 Y (4650)

------
- -
~

1.2 2.4 46
Ecm (GeV)
PRL132(2024) 161901
mm ° oy mm

o

Dressed Cross Section (pb)

@l

PR131(2023 211902
am O L kg

- & BESIII (2022) ¢ This work — Fit result
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[ - - Y(4230)

ANPEF I L PRV

- Y(4710)

Y@710)

(o))
o
T

y|(4450)

no
o
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o

44 46 48
(s (GeV)

b
I
=]
|IH ‘III[lHMIII\IIlHI‘HIVIHi

PRI (TS S SN N T SR SR S NN R ST ST S NS S S NS
4300 4400 4500 4600 4700

Mass (MeV/c?)

mm © 77
Pt -

& XYZ Data
¢ R scan Data
— Total fit

,,,,, BWs, Solution |
---- BWs, Solution Il

4.4 4.6 4.8
s (GeV)

—— mtrh,, this work

95.5% C.L.
68.3% C.L.
—4— m*n'h,, Ref.
—b— i J/y
—— 1022
—&— n'ny (3686
mxco
—4— 0K,
—4— D’D*
—— TE*D*OD*_
—4— ndly
—— K'KJNy
PDG

, this work
, this work
[20]

'‘Above the

Y (4230), there is
little consistency
among exclusive
channels .,
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Odres
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Thed states in open charm channels
Open charm:echannels:haverlargemnecrossisections and.show-more)complex steuctures
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oE /Ul T I A Y V™42 44 46 a8 5
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Selected topic of traditional charmonium decays(oc x Y ¢t1 | 1T OO

|  The decays of y(3770) are dominated by T Mmode:
BESIIPLB641(2006)145: |[[f (o x y®1 T TO0O] ( 8 8 )b
CLEQPRO%6(2000)082002: || (cx 3@l 1 T00] ( 8 8 &)p
PDG24: || (0 x R ' 00] ( )b

|  NRQCD calculation PRL10L, 112001 gjyes an upper limit of 5% for light hadron
decays, while other phenomenological model, e.g., hadron loops give large

fraction PRLL02, 172001 AQ O QoOQil ¢ ¢ i
actio BESII PRO1,102004 (2008)
Previously, BESII , CLEO and early ahoo @ 1 Abnormal structure around

[ (0 X X mwas observed at BESII.
Will this anomalous structure
affect the BFs of exclusive

f(ox Rl 1T 1 °00decays?

BESIII searched for [ Ocharmless by
comparing [ 6and 3.65/3.67 GeV data.
W ill this affect the search  for [ (X X Tt
O 1 1 T OOdecays?

3.7 3.75 3.8 3.85

Eem [GeV]

|  Search for [ decays via fine scan data is helpful and highly desirable 26
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Structure@~3.81 GeV is found in papers 2 and 3
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f l' f - l' 2 f i
‘AI,;Q(,?,(,) (s ) + el Ai;f(377ﬂ) (s ) +e (‘ﬁ*AS(S ) ‘ M r(3760) 3739.94+-42 426 3739.7 +3.9+2.6
i3a760) 23.9+82+48 225+83+4.5
5 (3760) Br(3760) 46.8 £299+251 11.94+9.0+6.4
. ‘ R(376 5 5 3+5
Parameter Solution [ Solution I (f)i(?’?(’o) 228 =52 =58 13 =£51=29
» L% a780) Br(3780) 209+ 16,137 253+11.6=+3.1
B(R, — f) 628 £0.6 1.7 62308106 Pr(3780) 82 + 126 =17 250 =119 &+ 52
Mg, 3773.13 3773.13 Mz (3810) 3805.7 + 1.1 £2.7 38057+ 1.1 +2.7
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