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BEPCII/BESIII

Light exotics  searches

Light Hyperon physics

Light meson physics

Summary

Outline
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Bird view of BEPCII 

LinacStorage ring
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BEPC II Storage ring: Large angle, double-ring 

RFRF SR

IP
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Beam energy:  1-2.5 GeV

Luminosity:   1×1033  cm-2s-1

Optimum energy:  1.89 GeV

Energy spread:    5.16 ×10-4

No. of bunches:  93

Bunch length: 1.5 cm

Total current: 0.91 A

SR mode:  0.25A @ 2.5 GeV



亮度表示单位时间内探测到的事例数

4月4日 10:12，0.9245

4月4日 10:13， 0.9501

4月4日 23:41， 0.9558

4月4日 23:44， 0.9862

4月5日 00:46， 0.9896

4月5日 02:35， 0.9978

4月5日 02:55， 0.9940

4月5日 20:18，0.9993

4月5日 22:29, 1.0 !!!

2008-2016年，对撞机设计亮
度达标，漫长之路！

说到做到，不欠国家0.001！
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2016年4月5日，达到设计亮度：1×1033  cm-2s-1

煎熬之后有惊喜，坚持就是胜利！
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World largest data sample directly collected in 
t-charm region 

8
t+t- DsDs DsDs

*DD

Light hadron physics

Charmonium physics

Charm physics

R-QCD physics

10x109 J/y
200 ´ BESII

2008-present: ~50 fb-1 data in Ecm = 2-4.95 GeV
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World largest data sample directly collected in 
t-charm region 

9
t+t- DsDs DsDs

*DD

Light hadron physics

Charmonium physics

Charm physics

R-QCD physics

10x109 J/y
200 ´ BESII

2008-present: ~50 fb-1 data in Ecm = 2-4.95 GeV
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Conventional hadrons

QCD allows for “exotics”

Searching for those states provides test of QCD

Ordinary vs exotic matter
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New resonant structures at BESIII

Light hadrons 

Charmonium(-like) particles



J/y : an ideal lab for light hadron spectroscopy
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2009,     225 million
2012,     1.08 billion
2018-19, 8.7 billion

• Especially radiative 𝐽/𝜓 decays：gluon rich production

• Production rates for exotic hadrons is expected to be compatible to the ones 

for conventional hadrons.
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Two big issues

l What is the production mechanism to utilize?

l What is the mixing with quark model mesons?

Glueball searches

Systematic studies needed

• Outnumbering of conventional QM states

• Abnormal properties ? Eg., small 

production rate in two photon process

Production rate could be calculable in LQCD, 
but the manifestation of a “glueball” can be 
tricky!

J/y

Chanowitz, Phys.Rev.Lett. 95(2005)172001



Pseudoscalar glueball searches 

Where is the 0-+ glueball? 

• LQCD：0-+(2.3~2.6 GeV)
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The small number of expected 
pseudoscalars in the quark model 
provide a clean and promising 
environment for the search of 
glueballs

Phys. Rev. D60 (1999) 034509 

H.X.Chen, W Chen, X Liu, Y.R. Liu, S.L. Zhu Rept.Prog.Phys. 86 (2023) 2, 026201



• Dominant contribution from pseudoscalars: η(2225), η(2100) and X(2500)
• Three tensors f2(2010), f2(2300) and f2(2340)

Pseudoscalars  above 2 GeV
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Very little was known for pseudoscalars above 2 GeV.  Experimental 
results are essential for mapping out the pseudoscalar excitations and 
searching for 0-+ glueball

Phys. Rev. D97, 051101 (2018)



EPJC 80, 746 (2020)

J/y®gKKh¢ X(2370) 

PRL129 (2022) 042001

X(2370): new glueball candidate ?

J/y®gpph¢

H.X.Chen, W Chen, X Liu, Y.R. Liu, S.L. Zhu Rept.Prog.Phys. 86 (2023) 2, 026201
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J/ψ→γηʹπ+π-

PRL129 (2022) 042001

QCD sum rules
S.Q. Zhang et al, PRD 106 (2022) 7, 074010X(2600): new glueball candidate ?



Scalar glueball searches 
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• Why light scalar mesons are interesting? 
• There have been hot debates on the existence of   σ and κ
• σ,  κ and f0(980)  are also possible mutiquark states. They are all near threshold.
• Lattice QCD predicts the 0++ scalar glueball mass ~ 1.6 GeV. f0(1500) and f0(1710) are good 

candidates.

From M. Pennington

Overpopulated! 

H.X.Chen, W Chen, X Liu, Y.R. Liu, S.L. Zhu Rept.Prog.Phys. 86 (2023) 2, 026201
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PRD98,072003(2018)

PWA of J/ψ→gKsKs

PRD92,052003 (2015)

PWA of J/y®gπ0π0

PWA of J/y®ghh

• f0(1710) and f0(1500) are dominant 

• f2’(1525) also seen

• Broad bump above 2 GeV, contributions from 
scalar and tensor

RRD87, 092009 (2013)



Scalar glueball candidate: f0(1710)
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Experimental results

𝒇𝟎(𝟏𝟕𝟏𝟎) largely overlapped with scalar glueball

*with chiral suppression
PRL 98 149103



Tensor glueball searches
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BESIII results

It is desirable to search for more decay modes! 

f2(2010), f2(2300) and f2(2340) are observed 

with a strong production of f2(2340); consist with 

central production and pp-bar annihilations 
Rept.Prog.Phys. 86 (2023) 2, 026201



Landscape of light glueball has updated
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Scalar：Overpopulation

• LQCD : ground state 0+ glueball 
~1.7 GeV, first excitation ~2.1
GeV

Tensor：large uncertainty
• LQCD：2++(2.3~2.4 GeV)

Pseudoscalar：very little known 
above 2 GeV, puzzles in low mass 
region
• LQCD：0-+(2.3~2.6 GeV)

ü Strong production of 
f0(1710)/f0(2100) in 𝐉/𝛙 →
𝛄 𝛈𝛈/𝐊𝐊/𝛑𝛑 , the pattern 
consists with LQCD’s 
prediction

ü Strong production of 
f2(2340) in 𝐉/𝛙 → 𝛄𝛈𝛈/𝐊𝐊/
𝛑𝛑/𝛟𝛟； consists with 
LQCD’s prediction

ü Trajectory：
• f1(1285), no η(1295)
• η(1405) /η(1475) can be 

one resonance

pAbove 2 GeV: X(2370)?



𝐩"𝒑 threshold enhancement X(𝐩"𝒑) : Baryonium state?
• First observed in J/ψ → γp/p at BESII, 

confirmed by BESIII and CLEO-c
• PWA of J/ψ → γp/p : J+, = 0-.

• The fit with a BW and S-wave FSI (I=0) factor 
can well describe p"p mass threshold structure

• Non-observation in hadronic decays: not 
from pure FSI

23

PRL 108 112003

PRD87,112014(2013) PRD93,052010(2016) PR D99 112010(2019)
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X(𝐩$𝐩)	observed		in	J/ψ→γ𝐩$𝐩X(𝟏𝟖𝟑𝟓)	observed		in		J/ψ→γ𝛈!𝛑"𝛑#

Anomalous line shape of ηʹπ+π- near 𝑝�̅� mass threshold

X(1835)		JPC=0-- +

M = 𝟏𝟖𝟒𝟒 ± 𝟗!𝟐𝟓$𝟏𝟔 MeV/𝑐'

Γ = 𝟏𝟗𝟐!𝟏𝟕!𝟒𝟑$𝟐𝟎$𝟔𝟐 MeV/𝑐'

X(𝐩$𝐩)	JPC=0-- +

M = 𝟏𝟖𝟑𝟐#𝟓 #𝟏𝟕
"𝟏𝟗 "𝟏𝟖 ± 𝟏𝟗 MeV/𝑐2

Γ = 13 ± 19 MeV/𝑐2
(< 𝟕𝟔 𝐌𝐞𝐕/𝐜𝟐@	90%	C.L.)

The anomalous line shape :

-- Suggest the existence of a state, either a broad state with strong 
couplings to 𝒑$𝒑, or a narrow state just below the 𝒑$𝒑 mass threshold

-- Support the existence of a 𝒑$𝒑 molecule-like state or bound state

PRL 108, 112003 (2012)PRL 106, 072002 (2011) 

PRL	117,	042002	(2016)	

connection between X(1835) and X(p"p) 
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X(𝐩$𝐩)	observed		in	J/ψ→γ𝐩$𝐩X(𝟏𝟖𝟑𝟓)	observed		in		J/ψ→γ𝛈!𝛑"𝛑#

Anomalous line shape of ηʹπ+π- near 𝑝�̅� mass threshold

X(1835)		JPC=0-- +

M = 𝟏𝟖𝟒𝟒 ± 𝟗!𝟐𝟓$𝟏𝟔 MeV/𝑐'

Γ = 𝟏𝟗𝟐!𝟏𝟕!𝟒𝟑$𝟐𝟎$𝟔𝟐 MeV/𝑐'

X(𝐩$𝐩)	JPC=0-- +

M = 𝟏𝟖𝟑𝟐#𝟓 #𝟏𝟕
"𝟏𝟗 "𝟏𝟖 ± 𝟏𝟗 MeV/𝑐2

Γ = 13 ± 19 MeV/𝑐2
(< 𝟕𝟔 𝐌𝐞𝐕/𝐜𝟐@	90%	C.L.)

The anomalous line shape :

-- Suggest the existence of a state, either a broad state with strong 
couplings to 𝒑$𝒑, or a narrow state just below the 𝒑$𝒑 mass threshold

-- Support the existence of a 𝒑$𝒑 molecule-like state or bound state

PRL 108, 112003 (2012)PRL 106, 072002 (2011) 

PRL	117,	042002	(2016)	

connection between X(1835) and X(p"p) 

X(1835)



Observation of X(1840) in J/y®g3(p+p-)（张金国）

M=1842.2±4.2 +7.1
-2.6 MeV/c2

Γ = 83±14±11MeV
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Mass is consistent with that of X(1835), but the
width is much smaller than Γx(1835) =190.1±9.0+38

-36 MeV
A new decay modes of X(1835)? 

PRD 88, 091502 (2013)

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.091502


Anomalous line-shape of 𝟑(𝝅!𝝅") 𝐢𝐧 J/y®g 𝟑(𝝅!𝝅")

𝜼𝒄
X(1840)

arXiv:2310.17937, accepted by PRL 

Flatte function 



Two BWs Consistent with pseudoscalars 

Resonance M( MeV/c2) G( MeV/c2)

X(1880) 1882.1±1.7±0.7 30.7±5.5±2.4

X(1840) 1832.5±3.1±2.5 80.7±5.2±7.7

narrow state below 𝑝𝑝 ̅ threshold !
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Prospects: 10B J/y and 2.7B y(2S) provide great opportunities

0+ 2+ 0-

J/ψ→γPP
J/ψ→γVV
J/ψ→γPPP
J/ψ→γPPPP

l 0+, 2+ : coupled channel analysis 
l J/ψ→γPP
l J/ψ→ω/φ + X

l 0- : trajectory >2 GeV, X(2370)
l J/ψ→γPPP
l J/ψ→γγ V 

l 1-+

l J/ψ→γ𝜂!
(#)

l 𝜒%! → 𝜂𝜂!
(#), 𝜋𝜋!

Flavor Filters：J/ψ→ω/φ + X

Anti filter: 

Two photon process



ØCP violation: K (1964), B(2001), D(2019)

ØNot enough !

CP asymmetry：10-10 ® present universe

CP asymmetry in SM：10-20～ 10-16

30

Hyperon Physics 

matter

antimatter

10 000 000 00 1

10 000 000 00 0

New source for CP asymmetry？
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Huge amount Hyperon pairs produced in 𝑱/𝝍 decays 



Unpolarized part 

Polarized part 

Entangled part 

Correlated 5-dim. angular distribution

Polarization-term can be used to determine a- and a+ simultaneously
L
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If D𝚽 ≠ 0, L are transversely polarized

10 billion 𝐽/𝜓

PRL. 129, 131801 (2022) Nat. Phys. 15, 631 (2019)



The most precise 𝑪𝑷 𝒕𝒆𝒔𝒕 𝒊𝒏 𝜦 and 𝜦 decay

Standard mode prediction : ACP~ 10-4 (PRD 34, 833 (1986))

More than 10 
standard deviation 
shift from all 
previous 
measurements

第12届核子激发态国际会议
2019-6月10日-14日，波恩，德国
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First measurement of weak and strong phase in X- àLp

BESIII Collaboration, Nature 606,64 (2022)

X-

3UREH�&3�DV\PPHWU\�DQG�ZHDN�SKDVH�LQ�-�y®X`X. (王雄飞)

2SHQ�D�QHZ�ZLQGRZ�IRU�H[SORULQJ�&3�DV\PPHWU\�
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Observation of polarizations in J/y®L`S（郑文静）
arXiv:2309.04139, submitted to Nature Physics

HVP
Strong Int.

g* only

Form factor ratio: 
GE/GM=0.860±0.029±0.010

Df1+Df2 =3.139±0.133±0.014
in good agreement with zero: no direct 
CP violation  
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Rich physics in the light meson decays
Test ChPT predictions
Form factors
Test fundamental symmetries

BESIII:  a light meson factory 
J/y®gh/η’ à 1×107 η, 5.2×107 η’

Light meson physics
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BESIII: an important role in η/η´ decays
(27 publications since 2011) 

What is “NEW” at BESIII ?

New decays
New decay mechanisms
New approaches
New tests  for fundamental 

symmetries



New decays
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Decay channel Publication

ηʹ→2(π+π−), π+π−π0π0 PRL112, 251801(2014)
ηʹ→ge+e− PRD92, 012001(2015)
ηʹ→we+e− PRD92, 051101(2015)
ηʹ→rπ PRL118, 012001(2017)
ηʹ→ggπ0 PRD96, 012005(2017)
ηʹ→π+π−u+u− PRD103, 072006(2021)
ηʹ→e+e−e+e− PRD105,112010(2022)
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B(h’→π+π-π+π-)=(8.63±0.69±0.64)×10-5

B(η´→π+π-π0π0)=(1.82±0.35±0.18)×10-4

h’→π+π-π+π-

η´→π+π-π0π0
ChPT+VMD:

only occur at O(p6) 

F.K. Guo et al ,PRD 85,014014 (2012)

PRL112,251801(2014) Observation of η´→π+π-π+π-,π+π-π0π0 (李会娟)

B(h’→π+π-π+π-)=(1.0±0.3) ×10-4

B(η´→π+π-π0π0)=(2.4±0.7) ×10-4
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B(h’→π+π-π+π-)=(8.63±0.69±0.64)×10-5

B(η´→π+π-π0π0)=(1.82±0.35±0.18)×10-4

h’→π+π-π+π-

η´→π+π-π0π0
ChPT+VMD:

only occur at O(p6) 

F.K. Guo et al ,PRD 85,014014 (2012)

PRL112,251801(2014) 

Observation of η´→π+π-π+π-,π+π-π0π0

B(h’→π+π-π+π-)=(1.0±0.3) ×10-4

B(η´→π+π-π0π0)=(2.4±0.7) ×10-4

PRD109,032006(2024) (赵子涵，郑文静) 

(李会娟)
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VMD Box-anomaly

ηʹ→p+p−l+l−

A. Faessler, C. Fuchs, and M. I. Krivoruchenko, PRC 61, 035206 (2000).
B. Borasoy and R. Nissler, EPJA 33, 95 (2007).
T. Petri, arXiv:1010.2378
………

• Box anomaly 
• Form factor à (g-2)μ

• Test the CP symmetry 

PRD103,072006(2021) (吉钰瑶)
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Decay	Mode 𝑁&'( 𝜀(%) Branching fraction

𝜂# → 𝜋)𝜋*𝑒)𝑒* 22725±155 17.49±0.04 2.45 ± 0.02(𝑠𝑡𝑎𝑡) × 10*+

𝜂# → 𝜋)𝜋*𝜇)𝜇* 434±25 37.95±0.07 2.16 ± 0.12(𝑠𝑡𝑎𝑡) × 10*,

BESIII Preliminary
BESIII Preliminary

BFs of ηʹ→p+p−l+l−



Decay	Amplitude	
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ü Decay amplitude

𝓐𝜼%→𝝅&𝝅'𝒍&𝒍'
𝟐
𝒔𝝅𝝅, 𝒔𝒍𝒍, 𝜽𝝅, 𝜽𝟏, 𝝋 =

𝒆𝟐

𝟖𝒌𝟐 𝑴 𝒔𝝅𝝅, 𝒔𝒍𝒍 𝟐×𝝀 𝒎𝜼%
𝟐 , 𝒔𝝅𝝅, 𝒔𝒍𝒍 × 𝟏 − 𝜷𝟏𝟐 𝐬𝐢𝐧𝟐 𝜽𝟏 𝐬𝐢𝐧𝟐𝝋 𝒔𝝅𝝅𝜷𝝅𝟐 𝐬𝐢𝐧𝟐 𝜽𝝅

ü 𝑴 𝒔𝝅𝝅, 𝒔𝒍𝒍 contains the information of the decaying particle and the VMD input ,

𝑴 𝒔𝝅𝝅, 𝒔𝒍𝒍 =
𝒆

𝟖𝝅𝟐𝒇𝝅𝟑
𝟏
𝟑
(
𝒇𝝅
𝒇𝟖
𝒔𝒊𝒏𝜽𝒎𝒊𝒙 + 𝟐 𝟐

𝒇𝝅
𝒇𝟎
𝒄𝒐𝒔𝜽𝒎𝒊𝒙)×𝑽𝑴𝑫 𝒔𝝅𝝅, 𝒔𝒍𝒍

constant

ü Form Factor:

Box	anomaly VMD	contribution VMD	contribution

𝑽𝑴𝑫 𝒔𝝅𝝅, 𝒔𝒍𝒍 = 𝟏 − 𝟑
𝟒
𝒄𝟏 − 𝒄𝟐 + 𝒄𝟑 + 𝟑

𝟒
𝒄𝟏 − 𝒄𝟐 − 𝒄𝟑

𝒎𝑽
𝟐

𝒎𝑽
𝟐*𝒔𝒍𝒍*𝒊𝒎𝑽𝚪 𝐬𝐥𝐥

+ 𝟑
𝟐
𝒄𝟑

𝒎𝑽
𝟐

𝒎𝑽
𝟐*𝒔𝒍𝒍*𝒊𝒎𝑽𝚪 𝐬𝐥𝐥

𝒎𝑽,𝝅
𝟐

𝒎𝑽,𝝅
𝟐 *𝒔𝝅𝝅*𝒊𝒎𝑽,𝝅𝚪 𝐬𝝅𝝅

T. Petri, arXiv:1010.2378
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ü VMD models:

• Hidden gauge model (Model I): 𝑐! − 𝑐6 = 𝑐+ = 1
• Full VMD model (Model II): 𝑐! − 𝑐6 = 1/3, 𝑐+ = 1
• Modified VMD model (Model III): 𝑐! − 𝑐6 ≠ 𝑐+

ü 𝜌F only can not describe data
ü 𝜔 → 𝜋.𝜋- decay is necessary !

box-anomaly?

𝑚G,H
I

𝑚G,H
I − 𝑠HH − 𝑖𝑚G,HΓ 𝑠HH

+ 𝛽𝑒JK
𝑚L
I

𝑚L
I − 𝑠HH − 𝑖𝑚L𝛤L

BESIII Preliminary
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BESIII Preliminary

BESIII Preliminary

Amplitude analysis results

üAll the above cases provide good description of data
üLimited statistics at the high 𝑒.𝑒-mass region
à Large statistical uncertainty

üA test with 𝑐M − 𝑐I = 𝑐N gives 𝑐M − 𝑐I = 𝑐N = 1.03 ± 0.02,
which is consistent with Model I.



New decay mechanisms
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Precision study of ηʹ→gπ+π− PRL120, 242003(2018)
Evidence of cusp effect in  
ηʹ→π0π0η

PRL130, 081901(2023)



η´→gπ+π- decay dynamics

high term of ChPT® box anomaly

~0.9M events

PRL120,242003(2018)
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Model-(in)dependent fit 
P(sππ) = 1+ a sππ + b O(s2ππ) + d BWw

|FV(sππ)|2

from e+e-®π+ π-

fit with r(770)-ω-r(1450)fit with r(770)-ω-box anomaly

ü r(770)-ω cannot describe data well

ü Extra contribution (maybe r(1450) or box-anomaly) is also necessary
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lInvestigation on ππ and πη final interactions
lThe cusp effect is sizeable in this decay

Evidence of the cusp effect in η´→π0π0η
PRL130,081901(2023)
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n Non-relativistic effective field theory
B. Kubis and S. P. Schneider, EPJC 62, 511 (2009)

n Fits at different cases

n Evidence of the cusp effect @ 3.5s !
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Few results on η decays at BESIII !
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New approach to investigate η decays with η′→π+π-η

Production rate lower than ηʹ

Background from QED and J/y decays

J/y®gh à 1×107 η

J/y® gη’, η’→p+ p -η à2.2×107 η

One more η′ constraint to suppress the background events !
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η→ge+ e-η→gµ+ µ-

J/y®gh

J/y® gη’, η’→p+ p-η

Help distinguish muons from pions

Background level is low  



Feasibilities at SCTF 
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PRD108,014038(2023)



高亮度：超级陶粲工厂(STCF)
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• 能量: 2-7 GeV, 亮度: > 0.5´1035 cm-2 s-1m 
• 经费:预研4.2亿,建造45亿
• 时间:预研 4年,建造7年,运⾏ 10年,升级改造 2年,再运⾏10年

• 强相互作用的本质和强⼦结构
• 奇特物资与正反物质不对称
• 寻找新物理现象(暗物质粒⼦，暗光⼦，对称性破缺…) 

环型加速器周长 800米

直线加速器 300 米

粒子探测器



Nearly blank at 5-7GeV

BEPC3 vs BEPCII
3 倍

• Optimize Ecm at 4.7 GeV with luminosity 3
times higher than the current BEPCII →
more effective data taking

𝝍(𝟐𝑺)

Plan of BEPCII/BESIII upgrade
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Extend the maximum Ecm up to 5.6 GeV →more physics opportunity



Summary
Data with unprecedented statistical accuracy from BESIII provides great 

opportunities to investigate the light hadron physics

Significant progresses achieved:

Exotics searches 

Hyperon physics

Light meson physics 

BEPCII/BESIII  upgrades in 2024, then continues to take data till ~2030 

非常感谢!


