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• First collision in 2008, physics run started in 2009
• Operation c.m. energy: 1.84-4.95GeV
• BEPCII continues to improve, energy upgrade & top-

up reached peak lumi of 1.1x1033 cm-2s-1 @1.89GeV
• New in 2024: 20fb-1 psi’’ data achieved; low Ecm scan

at 1.84-1.97 GeV; scan around psi’’ and chic2
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BESIII Detector Performance

Exps.
MDC

Spatial 
resolution

MDC

dE/dx
resolution

EMC

Energy 
resolution

CLEO-c 110 µm 5% 2.2-2.4 %

BaBar 125 µm 7% 2.67 %

Belle 130 µm 5.6% 2.2 %

BESIII 
115 µm <5%

(Bhabha) 2.4%

Exps.
TOF

Time 
resolution 

CDFII 100 ps

Belle 90 ps
BESIII 68 ps (BTOF)

60 ps (ETOF)

MUC:    Efficiency ~ 96%
BG level:  < 0.04 Hz/cm2(B-MUC), < 0.1 Hz/cm2(E-MUC)

LXR Seminar at Center for HEP, PKU., 2017 14

国家科技进步一等奖(2016)

high lumi, large 
datasets, hermetic 
detector with good 
performance and 
clean environment

BEPCII/BESIII: a t-c Factory
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BESIII physics: t-c region features

2024/7/8

p Rich of resonances, charmonia and  charmed mesons.
p Threshold characteristics (pairs of t, D, Ds, charmed baryons…).
p Transition between perturbative and non-perturbative QCD.
p New hadrons: glueballs, hybrids, multi-quark states
p New Physics: large datasets, hermetic detector, good performance

3
t+t- DsDs LcLc
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2009:  106M 𝝍(2S)
225M J/𝝍

2010:  0.98 fb-1 𝝍(3770) (for 𝑫𝟎(#))
2011:  2.93 fb-1 𝝍(3770) (for 𝑫𝟎(#), total)

0.48 fb-1 @4.01 GeV
2012:  0.45B 𝝍(2S) (total)

1.30B J/𝝍 (total)
2013:  1.09 fb-1 @4.23 GeV

0.83 fb-1 @4.26 GeV
0.54 fb-1 @4.36 GeV
10´0.05 fb-1 XYZ scan@3.81-4.42 GeV

2014:  1.03 fb-1 @4.42 GeV
0.11 fb-1 @4.47 GeV
0.11 fb-1 @4.53 GeV
0.05 fb-1 @4.575 GeV
0.57 fb-1 @4.60 GeV (for 𝜦𝒄#)
0.80 fb-1 R scan @3.85-4.59 GeV

2015:  R-scan 2-3 GeV+2.175 GeV
2016:  3.20 fb-1 @4.178 GeV (for 𝑫𝒔#)
2017:  7´0.50 fb-1 XYZ scan@4.19-4.27 GeV

2018:  More J/𝝍+tuning new RF cavity
2019:  10B J/𝝍 (total)

8´0.50 fb-1 XYZ scan@4.13, 4.16, 4.29-4.44 GeV
2020:  3.8 fb-1 @ 4.61-4.7 GeV (XYZ&𝜦𝒄#)
2021: 2.0 fb-1 @ 4.74-4.946 GeV
2021:  2.7B 𝝍(2S) (total)
2022: 2´0.4 fb-1@3.65, 3.682 GeV,

5.1 fb-1 𝝍(3770) (for 𝑫𝟎(#), total)
2023: ~8 fb-1 at 𝝍(3770)
Latest data taken in 2024 runs:

Data samples by BESIII
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More than 52 fb-1
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BESIII is in very good state in all aspects
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We have reached 571 paper milestones
115 publications in PRL/Nature/Nat. Phys.

The collaboration size still growing: ~600 
members from 82 institutions in 16 countries. 

New lumi and Ecm record
Very stable data-taking
Good detector performance
Aging effects under control
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物理研究成果丰富

n “四夸克物质Zc（3900）的发现”荣获2023年度 国家自然科学奖二等奖
u （苑长征、朱科军、刘智青、李卫东、平荣刚等）

n BES上第6个国家自然科学奖二等奖（1995, 2001, 2004, 2010, 2013, 2023)
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新思想
新方法
新测量
新精度

更多结果详细信息参见 BESIII Journal Publication Page:
http://english.ihep.cas.cn/bes/re/pu/pjp/
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Charmonium Physics
with focus on “XYZ”s
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PWA of 𝒆!𝒆" → 𝝅!𝝅"𝑱/𝝍
4.1271 to 4.3583 GeV

BESIII P
relim

inary

BESIII P
relim

inary
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Tips: the 𝜋𝜋 − 𝑆wave includes 
𝑓!(500), 𝑓!(980), and 𝑓!(1370).

BESIII P
relim

inary

BESIII P
relim

inary

K-matrix method

BW method
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Studies of e+ e-àK K-bar J/Y
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CPC 46, 111002(2022)

PRD107,092005(2023)

Phys. Rev. Lett. 131, 211902(2023) 
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X(3872) recent results
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Weinberg’s compositeness: 
𝑍 = 1: pure elementary state; 
𝑍 = 0: pure bound (composite) state. 

coupled channel analysis of the X(3872) line shape 

PRL132, 151903(2024) 

7.5s

PRL 130, 151904 (2023)

𝒆!𝒆" →wX(3872) → wp!p"J/ψProduction>4.6GeV

Decays

2404.13840, PRD

•X→π+π-χc1 PRD(L) 109, 071101 (2024) 

•X→π+π-η PRD(L) 109, 011102 (2024) 

•X→γJ/ψ via e+e-→ ωX(3872), arXiv:2404.13840 

•X→γX(3823) arXiv:2405.07741 
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More XYZ results
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PRL129, 102003(2022)
𝒆!𝒆" → 𝝅!𝝅"ψ2(3823)

PRL130, 121901 (2023) 

PRL 132, 161901 (2024) 

2402.03829, PRL

e+eàD+D-/D0D0

2403.14998, PRL

e+eàDsDs

PRL131, 151903 (2023) 

4.308~4.951	GeV,11	fb-1
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Light hadron Physics:
Spectroscopy and decay properties
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Light hadrons with exotic quantum numbers
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Theoretical predictions of the 𝐽#$
= 1"! hybrid meson mass

Rept.Prog.Phys. 86 (2023) 026201

Ø Observation of isoscalar 1−+ η1(1855)
Ø critical to establish the 1−+ hybrid nonet.
Ø supportring f0(1710) overlap with glueball

Partial wave analysis of 𝑱/𝝍 → 𝜸𝜼𝜼′

PRL 129, 192002 (2022),
PRL 130, 159901(2023) 
PRD 106, 072012 (2022),
PRD 107, 079901(2023)

https://iopscience.iop.org/article/10.1088/1361-6633/aca3b6
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Observation of the 𝝅𝟏 𝟏𝟔𝟎𝟎in 𝝍"→ 𝜸𝝌𝒄𝟏, 𝝌𝒄𝟏 → 𝝅$𝝅%𝜼′
n Spin-parity of the 𝝅𝟏(𝟏𝟔𝟎𝟎)

u 1"! assignment fit is better than that 
for 0!!, 2!! or 4!! assignments with 
significances well over 10𝜎

n Significance of the Breit-Wigner 
phase motion
u Replace the resonant 𝝅𝟏(𝟏𝟔𝟎𝟎)with a 

non-resonant 𝝅𝜼′ P-wave described by 
the Breit-Wigner function without 
phase motion

l 𝑓 = $
%%"& %!%%'%

u The fit yields that: Δ𝑀 = +6.9 MeV/𝑐(, 
ΔΓ = −96.4 MeV

u We observed significant phase motion 
with a statistical significance greater 
than 10𝜎

14

Nominal PWA solution
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Light hadron spectrum: X families
PRL129(2022)042001

PRL132(2024) 151904
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PWA of J/ψ → γKSKS𝛈′
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PRL 132, 181901 (2024) 

Good agreement with LQCD 
prediction of lightest 
pseudoscalar glueball 
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PWA of 𝜓 3686 → 𝑝�̅�𝜋!/𝜂
üData can be well described with Several 𝑁∗& 𝜌∗/𝜔∗/𝜙∗ states.
üThree	lowest	lying	𝑁∗ is	described	with	KSU	model:	Γ 𝑠 = ΓB×∑𝑟C×

D!( E)
D!(F")

ü𝚪𝑵𝜼/𝚪𝑵𝝅 is determined to be 𝟎. 𝟗𝟗 ± 𝟎. 𝟎𝟓𝒔𝒕𝒂. ± 𝟎. 𝟏𝟕𝒔𝒚𝒔.

𝜓 3686 → 𝑝�̅�𝜋% 𝜓 3686 → 𝑝�̅�𝜂

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.99.055205
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PWA of 𝜓 3686 → 𝑝�̅�𝜋!/𝜂

üThe continuum background is subtracted based on PWA result @3.773 GeV

BE
SII
I P
rel
im
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BE
SII
I P
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im
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ry
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Also hyperons…

超级陶粲装置研讨会2024/7/8 19

Snowmass2021 workshop

Testing of P and CP Symmetries,
X.G. He & J.P. Ma, Phys.Lett.B 839 (2023) 137834

Rept.Prog.Phys. 86 (2023) 1, 016201

详见：BESIII实验和STCF上的超子精细
测量 by严亮

More data samples in
critical regions

• More channels
• More complex analysis
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Rich program with eta/eta’ decays
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n Evidence for the cusp effect with 3.5s, consistent with NREFT
n Scattering length combination in good agreement with calculation

PRL130, 081901 (2023) Evidence for the cusp effect in h’àh p0 p0
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R value and QCD studies
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Fragmentation function measurement
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n Inclusive p0 /Ks/eta production in e+ e- collision
at 2.2324, 2.400, 2.800, 3.050, 3.400,3.671 GeV.

n broad zh coverage from 0.1 to 0.9, best precision
n provide brand new inputs in low-energy region to global 

fits of fragmentation function 

PRL130, 231901(2023)

• More channels in progress

2401.17873, PRL (2024)
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Study of hyperon/nbar-nucleon reactions
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Study of Ξ0n→Ξ-p

Phys. Rev. Lett. 130, 251902 (2023)

• More channels with different
beams, elastic/inelastic …

• Differential measurements

ü Phys. Rev. Lett. 127, 012003 (2021). 
ü arXiv:2209.1260

Λ¯𝑝→Λ¯𝑝 and Λ𝑝→Λ𝑝

Phys. Rev. Lett. 132, 231902 (2024)
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Charm Physics
mesons and baryons
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Charm meson studies: Measuring CKM matrix
--- test SM EW theory
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Charm decays + LQCD Charm decays + 
B decays + LQCD

How to measure?

5

Expected precision < 2% at BESIII 

Charm Leptonic Decays

• Exp. decay rate + LQCD Æ CKM matrix elements

• Exp. decay rate + |Vcs(d)|
CKMfitterÆ calibrate LQCD

• Charm leptonic decays involve both weak and strong interactions. 

• The weak part is easy to be described as the annihilation of the 

quark-antiquark pair via the standard model W+ boson. 

• The strong interactions arise due to gluon exchanges between 

the charm quark and the light quark. These are parameterized

in terms of the ‘‘decay constant’’.
Decay rate (Exp.)

Decay constant (LQCD)

CKM matrix element

7

Charm semi-leptonic decays (s)

• The effects of the strong and weak interactions can be well 

separated in semi-leptonic decays

• Good place to measure CKM matrix elements and study the 

weak decay mechanism of charm mesons; calibrate LQCD

At zero positron mass limit:

(s) lQ )
Differential 

rate (Exp.)

CKM matrix element

Form factor

(LQCD)

• Analyze exp. partial decay rates Æ q2 dependence of f+
K(S)(q2), 

extract f+
K(S)(0) with |Vcs(d)|

CKMfitter as input

• Exp. + LQCD calculation of f+
K(0) and f+

S(0) Æ Vcs(d)
8

• extend analyses to 20fb-1 data
• More advanced analysis techniques
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Latest updates of Dsàt n
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PRD108,092014(2023) JHEP09(2023)124
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Comparisons of 𝒇𝑫! and 𝒇𝑫𝒔!

272024/7/8 超级陶粲装置研讨会
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Precision measurements of g at LHCb and Belle II need input 
the strong phase differences of neutral 𝐷 decays

The constraint on the g measurement before BESIII is only 2°. Improved 
measurements of strong phase differences are highly desirable

In the future 10-15 years, the statistical 
uncertainties of the g measurements will 

reach at ~1.5° and 0.4° at Belle II and 
LHCb upgrade

Quantum-correlated 𝑒R𝑒S → y(3770)
→ 𝐷B T𝐷B pairs at BESIII offer an ideal 
opportunity to extract the strong phase 
differences between 𝐷! and %𝐷!

Strong phase diff b/w hadronic 𝑫𝟎/ 2𝑫𝟎 decays

282024/7/8 超级陶粲装置研讨会
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Hadronic 𝑫𝒔$ decays: Amplitude analyses
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14 published results already in PDG
Many others are ongoing

𝒂𝟎 𝟏𝟖𝟏𝟕 ! In 𝑫𝒔! → 𝑲𝑺
𝟎𝑲!𝝅𝟎

There are also many 3- and 4-body
Amplitude analyses for D+ and D0

PRL129, 182001 (2022)

https://link.aps.org/doi/10.1103/PhysRevLett.129.182001
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Ds+→ π+π+π−π0
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deviates from the world average value by more than 4σ

Arxiv:2406.17452

10 sigma
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Studies on 𝚲𝐜" leptonic decays

超级陶粲装置研讨会

3.8σ8.2σ

PRD106,112010(2022)

Observation of 𝚲𝒄! → 𝒑𝑲"𝒆!𝝂Determination of form factors of 𝜦𝒄! → 𝜦𝒆!𝝂𝒆

First direct comparisons on differential DRs and FFs with LQCD

PRL 129, 231803 (2022)

• Second leptonic decay of Λ*! is observed!
• Good channel to study Λ excited states, Λ(1405), Λ(1520)

𝐵(Λ&' → 𝛬𝑒'𝜈() = (3.56 ± 0.11 ± 0.07)%

PLB843,137993(2023)

https://link.aps.org/doi/10.1103/PhysRevLett.129.231803
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Studies on 𝚲𝐜 hadronic decays
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Observation of Λ+! → 𝑛𝜋!
PRL128 (2022) 142001

CPC47, 023001(2023)

Many CS modes are explored.

𝑩 𝜦𝒄" → np+
𝑩 𝜦𝒄" →𝒑𝝅𝟎

> 𝟕.𝟐

JHEP09（2023）125

!!" → #$"$# !!" → #$"$$$" !!" → #%$$"$"

7.9$

7.8$ > 10$

PRL132(2024) 031801

BF and decay asymmetry 
Lc -> Xi0 K
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Exotic Decays and New Physics
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Search for rare/forbidden phenomena
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The 1st search of Lambda oscillation

Phys. Rev. Lett 131, 082101 (2023)

𝑱⁄𝝍→𝑫−µ+𝝂𝒆 + 𝒄. 𝒄. < 5.6×10-7 @ 90% CL 

The 1st search for semi-muonic decay

JHEP 06 (2021) 157 

𝑱⁄𝝍→𝑫−𝒆+𝝂𝒆 + 𝒄. 𝒄. < 7.1×10-8 @ 90% CL 

JHEP 01 (2024) 126

• More ideas (with theorists)
• More channels
• More exploitation of existing data

2404.05973, PRL (2024)
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BSM particle searches
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Search for a ALP in
𝐽/𝜓 → 𝛾𝑎， 𝑎 → 𝛾𝛾

Phys. Lett. B 838 (2023)137698
2404.04640, PRD(L)

2.7 billion 𝜓(2S) events
Phys. Lett. B 852 (2024)138614

Search for Σ+→p+invisible+c.c

Phys. Rev.D 109,L031102（2024）

J/ψ→μ+μ−X0,1
10 billion 𝐽/𝜓 events
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Upgrade BEPCII
(BEPCII-U)

The upgrade: BEPCII-U
üAn upgrade of BEPCII (BEPCII-U) has been approved in July 2021:

the optimized energy is 2.35 GeV with luminosity 3 times higher than
current BEPCII and extend the maximum energy to 5.6 GeV

ü With this critical energy increase and lumi upgrade, the operation is
secured for another 5-10 years

ü BESIII Detector: inner tracker upgrade (CGEM), but No big change of
performance foreseen

2024/7/8 超级陶粲装置研讨会 36

参见：

BEPCII-U进展 Yuan Zhang
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Planned future data set

超级陶粲装置研讨会

~55 fb-1

finished in 2024
✓

✓

Future Physics Programme of
BESIII (white book)

Chin. Phys. C 44, 040001 (2020)
arXiv:1912.05983

✓

✓
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Physics opportunities with BEPCII-U

n Cover all the ground-state charmed
baryons:
u production
u decays
u CPV search

n Other possibilities to further explore

n Detailed studies of  known 𝑍^(E) states and 
search for more exotic states in higher Ecm
u Identify vector charmonium(-like) states from 4.0 to 

5.6 GeV
u More Zc and Zcs for PWA
u Search for Zc radiative transition to X(3872)
u Search for penta-quark states

2024/7/8 超级陶粲装置研讨会 38

Few data and potential physics for XYZ 
and charmed baryons 
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Summary
n BESIII is operating with good performance

n collect large data samples of >52/fb in the energy range 1.84~4.95 GeV

n BESIII has performed wide range of physics studies
u Light hadron spectroscopy and decays
u Charmonia transitions and XYZ
u R value and QCD studies
u Charmed meson and charmed baryon
u Rare decays and new physics search

l BESIII still has great potential 
l Near term: with unique datasets and analysis techniques.
l Midterm: Operation for another 5-10 years foreseen

l BEPCII-U: 3x upgrade on luminosity, with energy to 5.6GeV

l STCF is the natural further next step. Bright future is ahead！
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