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• First collision in 2008, physics run started in 2009
• Operation c.m. energy: 2.0-4.95GeV
• BEPCII reached peak lumi of 1x1033 cm-2s-1@1.89GeV 

in April 2016
• 2020: energy upgrade to 2.45 GeV & top-up mode
• Secured the running for another 5-10 years, with

small(but critical) energy increase and lumi upgrade
2022/12/9 HFCPV2022 2

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

2022/12/9

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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More than 37 fb-1 of data taken between 2 and 4.95 
GeV

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,

8 fb-1 𝝍(3770) (for 𝑫𝟎(#), total)

Data samples collected by BESIII so far
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Total published = 433 + 10 accepted
88 in PRL/Nature/Nat. Phys.

The current collaboration size: More 
than 500 members from 84 institutes in 
16 countries 
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n Physics of BESIII experiment
u NSR, Volume 8, Issue 11, November 2021

n More details in later talks in this workshop
u Strong phase measurement of D decays at BESIII, Yu

Zhang
u Recent studies on Λ_c decays at BESIII, Pei-Rong Li
u Hadronic decays of charmed meson at BESIII, Yu Lu
u Charm leptonic and rare decays at BESIII, Zhengyun You
u Recent XYZ and charmonium results at BESIII, Kai Zhu
u Hyperon CPV at BESIII, Jianyu Zhang
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BESIII publication webpage:
http://english.ihep.cas.cn/bes/re/pu/pjp/
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Charmed hadron tagging at threshold
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Analysis Technique 
• e+e-ÆDD (Lc

+Lc
- ), near Thrs.    

9 Tagging D- (D0), Lc
- from 

hadronic decay modes 

• Event is very clean    

• Double tag analysis   

9 (semi-)leptonic decay event can 
be well reconstructed in the 
recoil side of the tagged D (Lc

-)  

• High tagging efficiency  
• Most systematic uncertainties 

can be cancelled out  

M2
missing=E2

miss – p2
miss ~0 D-ÆK+p-p-   vs.  D+Æm+n 

m+ 

p Event is very clean 
p High tagging efficiency 
p Most systematic uncertainties can be cancelled
p Could measure absolute BFs 

Charmed hadrons:
l Produced in pair
l Quantum correlated 𝐷!"𝐷!

2.93→ 8 $b"#@3.773 GeV→𝐷!"𝐷! and 𝐷$𝐷"
0.48 $b"#@4.009 GeV→𝐷%$𝐷%"
7.33 $b"#@4.13-4.23 GeV→𝐷%∗"𝐷%
4.5 $b"#@4.6-4.7 GeV→𝛬'$ ̅𝛬("
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D(s) Leptonic decays
n Extract decay constant fD(s) incorporates the strong interaction effects (wave 

function at the origin) 
n To validate Lattice QCD calculation of fB(s) and provide constrain of CKM- unitarity
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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 constant͛͛͘
Decay rate (Exp.)

Decay constant (LQCD)

CKM matrix element
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Comparisons of 𝒇𝑫! and 𝒇𝑫𝒔!

92022/12/9 HFCPV2022
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D(s) Semi-leptonic decays

n form factor (FF) 
u Measure |Vcx| x FF
u CKM-unitarity => | Vcx|, extract FF, test LQCD 
u Input LQCD FF to test CKM-unitarity
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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
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Experimental precision of 𝒇(𝑫→𝝅(𝟎) is still 
dominated by statistical uncertainties

Experimental precision of 𝒇(𝑫→𝑲 𝟎 is
comparable to the latest LQCD precision

2.4à0.6%

0.7%

2010à2021 >4%

1.6%

Comparisons of 𝒇"𝑫→𝑲 𝟎 and 𝒇"𝑫→𝝅(𝟎)

112022/12/9 HFCPV2022
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Comparisons of |Vcs| and |Vcd|

122022/12/9 HFCPV2022
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D(s) hadronic decays
n Strong phase measurement with quantum correlated𝝍’’ →𝑫𝟎𝑫𝟎 is crucial in the 

model-independent determinations of g and charm mixing/direct CPV. 
n Probe non-perturbative QCD

u Help to understand hadron spectroscopy – Study SU(3) flavor symmetry
u Study short and long distance effects 

2022/12/9 HFCPV2022 13

Observation of 𝑫! → 𝝎f PRL128, 011803(2022)

The ω and f in the D0 decay are transversely polarized, which contradicts predictions 
from the naive factorization and Lorentz invariant-based symmetry models. 
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𝑫 → 𝑲𝑺/𝑳
𝟎 𝝅$𝝅"

Constraint on g measurement ~ 0.9°

PRL124, 241802(2020)

𝑫 → 𝑲𝑺/𝑳
𝟎 𝑲$𝑲"

Constraint on g measurement ~ 1.3°

PRD102, 052008(2020)

Constraint on g measurement ~ 6°JHEP05, 164(2021) 

Strong phases in hadronic 𝑫𝟎/ '𝑫𝟎 decays

142022/12/9 HFCPV2022

PRD106, 092004(2022)

𝑫 → 𝑲"𝝅$𝝅$𝝅" 𝐚𝐧𝐝 𝑲"𝝅$𝝅𝟎

𝑫 → 𝝅$𝝅"𝝅$𝝅"
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Hadronic 𝑫𝒔" decays: Amplitude analyses

15

Analysis Resonance

𝑫𝒔% → 𝑲%𝑲&𝝅%𝝅&𝝅% 𝒂𝟏 𝟏𝟐𝟔𝟎 % JHEP07(2022)051

𝑫𝒔% → 𝑲𝑺𝟎𝑲𝑺𝟎𝝅% 𝒂𝟎 𝟏𝟕𝟏𝟎 𝟎, 𝒇𝟎(𝟏𝟕𝟏𝟎) PRD105(2022) L051103

𝑫𝒔% → 𝑲𝑺𝟎𝑲%𝝅𝟎 𝒂𝟎 𝟏𝟖𝟏𝟕 % PRL129, 182001 (2022)

𝑫𝒔% → 𝑲%𝝅%𝝅& 𝒇𝟎 𝟓𝟎𝟎 , 𝒇𝟎 𝟗𝟖𝟎 , 𝒇𝟎(𝟏𝟑𝟕𝟎) JHEP08(2022)196

𝑫𝒔% → 𝝅%𝝅𝟎𝝅𝟎 𝒇𝟎 𝟗𝟖𝟎 , 𝒇𝟎 𝟏𝟑𝟕𝟎 , 𝒇𝟐(𝟏𝟐𝟕𝟎) JHEP01(2022)052

Charge conjugate channels are included.

2022/12/9 HFCPV2022

https://link.aps.org/doi/10.1103/PhysRevLett.129.182001
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𝑫𝒔" → 𝑲𝑺
𝟎𝑲"𝝅𝟎

16

PRL129, 182001 (2022)

𝟔. 𝟑𝟐 𝐟𝐛"𝟏 @ 4.178 - 4.226 GeV𝒆$𝒆" → 𝑫𝒔∗±𝑫𝒔∓ → 𝜸𝑫𝒔$𝑫𝒔"

• Amplitude analysis, 𝑵𝐭𝐨𝐭 = 𝟏𝟎𝟓𝟎 with a signal purity of 𝟗𝟒. 𝟕 ± 𝟎. 𝟕 %

𝑴 = 𝟏. 𝟖𝟏𝟕 ± 𝟎. 𝟎𝟎𝟖𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟐𝟎𝐬𝐲𝐬𝐭. 𝐆𝐞𝐕/𝒄𝟐

𝚪 = 𝟎. 𝟎𝟗𝟕 ± 𝟎. 𝟎𝟐𝟐𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝟓𝐬𝐲𝐬𝐭. 𝐆𝐞𝐕

A key experimental input for the calculation of the coupling 
constants of the 𝒂𝟎(𝟗𝟖𝟎), and helps to determine its quark 
composition

𝑩[𝒂𝟎 𝟗𝟖𝟎 ! → 6𝑲𝟎𝑲!]
𝑩[𝒂𝟎 𝟗𝟖𝟎 ! → 𝝅!𝜼]

= 𝟏𝟑. 𝟕 ± 𝟑. 𝟔𝐬𝐭𝐚𝐭. ± 𝟒. 𝟐𝐬𝐲𝐬𝐭. %

• The measured ratio for 𝒂𝟎 𝟗𝟖𝟎 $ :

• Observed 𝒂𝟎 𝟏𝟖𝟏𝟕 $ → 𝑲𝑺
𝟎𝑲$ : isovector partner of 𝒇𝟎(𝟏𝟕𝟏𝟎)?

> 𝟏𝟎𝝈

> 𝟏𝟎𝝈

𝟕. 𝟔𝝈

𝟔. 𝟕𝝈
> 𝟏𝟎𝝈

2022/12/9 HFCPV2022
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Recent results on 𝚲𝐜" leptonic decays

HFCPV2022

3.8σ8.2σ

arXiv: 2207.11483, PRD

Observation of 𝚲𝒄$ → 𝒑𝑲"𝒆$𝝂

𝐵(Λ!" → 𝑝𝐾#𝑒"𝜈)=

𝐵(Λ!" → Λ(1405)𝑒"𝜈)=

Determination of form factors of 𝜦𝒄! → 𝜦𝒆!𝝂𝒆

First direct comparisons on differential decay rates and form factors with LQCD

PRL 129, 231803 (2022)

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

𝐵(Λ!" → Λ(1520)𝑒"𝜈)=

𝐵(Λ$" → 𝛬𝑒"𝜈%) = (3.56 ± 0.11 ± 0.07)%

https://link.aps.org/doi/10.1103/PhysRevLett.129.231803
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Recent results on 𝚲𝐜 hadronic decays

HFCPV2022

Observation of Λ'$ → 𝑛𝜋$
PRL128 (2022) 142001

PRD 106, L111101 (2022)

PRD106, 072002 (2022)
𝚲𝒄" → 𝒑𝜼′

PRD106, 052003 (2022)

first measurement
Determination of the BF for Λ'$ → Σ$𝐾4 and Σ!𝐾$

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

7.9$

7.8$ > 10$

arXiv:2210.03375, to
appear in CPC

Many CS modes are explored.

𝑩 𝜦𝒄" → np+
𝑩 𝜦𝒄" →𝒑𝝅𝟎

> 𝟕.𝟐

https://link.aps.org/doi/10.1103/PhysRevD.106.L111101
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PRL127(2021)121802

𝜦 → p𝝁""𝝂𝝁 via 𝑱/𝝍 → 𝜦"𝜦

With world largest 𝑱/𝝍 sample , BESIII is also a hyperon factory!

𝑩𝜦→p𝝁$8𝝂𝝁 = (1.48±0.21±0.08)×𝟏𝟎"𝟒

𝑨𝑪𝑷 = (𝑩𝜦−𝑩=𝜦)/(𝑩𝜦−𝑩=𝜦)
=0.02±0.14±0.02

𝑩𝜦→p𝝁$8𝝂𝝁/𝑩𝜦→p𝒆$8𝝂𝒆 = 0.178±0.028

PRL129(2022)122002

𝜦 → 𝒏γ via 𝑱/𝝍 → 𝜦"𝜦 𝚺$ → 𝒑γ via 𝑱/𝝍 → 𝚺$"𝚺"

4𝜮# → 4𝒑𝜸𝜮" → 𝒑𝜸

Decay properties of hyperons

192022/12/9 HFCPV2022
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Measurements and CP test with X-àLp- decay

2022/12/9 HFCPV2022 20

ü First measurement of polarization 
ü First direct determination of all X

decay parameters
ü First extraction of weak phase 

difference from bayron weak decays
ü Three CP tests

Based on 1.3 B J/𝜓 events 
(13% of total J/𝜓 events) 
9-dimentional fit: 

Nature 606, 64 (2022)

HyperCP(2004):  𝝓𝚵,𝑯𝒚𝒑𝒆𝒓𝑪𝑷 = −𝟎. 𝟎𝟒𝟐 ± 𝟎. 𝟎𝟏𝟏 ± 𝟎. 𝟎𝟏𝟏

the same precision for 𝜙 as HyperCP with three 
orders of magnitude smaller data sample! 

e+e� ! J/ ! ⌅�⌅̄+

<latexit sha1_base64="O9/HwS753cFHOy2PEhZ2O49f6DY="></latexit>

https://doi.org/10.1038/s41586-022-04624-1
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𝐞"𝐞# → 𝝍 → 𝚺"4𝚺# → 𝐩4𝐩𝛑𝟎𝛑𝟎

𝝍′

𝑱/𝝍

PRL125,052004(2020)

Nat. Phys. 15,631(2019)àPRL129,131801(2022)
𝐞"𝐞# → 𝐉/𝛙 → 𝚲4𝚲 → 𝐩𝛑#(4𝐩𝛑"+ 4𝐧𝛑𝟎)

𝜟𝜱= (𝟎.𝟔𝟔𝟕±𝟎.𝟏𝟏𝟏±𝟎.𝟎𝟓𝟖)𝒓𝒂𝒅

𝐞"𝐞# → 𝛙′ → Ξ#KΞ" → 𝚲4𝚲𝛑"𝛑#

𝜟𝜱[𝑱/𝝍] = 𝟏𝟓.𝟓∘±𝟎.𝟕∘±𝟎.𝟓∘ 𝜟𝜱[𝝍′] = 𝟐𝟏.𝟕∘±𝟒.𝟎∘±𝟎.𝟖∘

• Relative phase between electronic and magnetic form factors: 𝜟𝜱
• Decay asymmetry parameter: α
• New window to test CP violation of hyperons: ACP=(α++α-)/(α+-α-)

ACP=(−𝟎.𝟒±𝟑.𝟕±𝟏.𝟎-)%ACP=(−𝟎.𝟐𝟓±𝟎.𝟒𝟔±𝟎.𝟏𝟐-)%

PRD106, L091101(2022)

Nature 606, 64 (2022)

ACP=(𝟏.𝟓±𝟓.𝟏±𝟏.𝟎-)%

𝜟𝜱= (𝟏.𝟐𝟏𝟑±𝟎.𝟎𝟒𝟔±𝟎.𝟎𝟏𝟔)𝒓𝒂𝒅

ACP=(0.60±𝟏.𝟑𝟒±𝟎.𝟓𝟔-)%

𝐞"𝐞# → 𝐉/𝛙 → Ξ#KΞ" → 𝚲4𝚲𝛑"𝛑#

Very 
precise

𝐞"𝐞# → 𝛙′ → Ω#Ω" → 𝚲4𝚲𝑲"𝑲#

PRL126, 092002(2021)

Spin of Ω# is set to be 3/2 for the first time 𝜟𝜱= (−𝟎.𝟐𝟕𝟕±𝟎.𝟎𝟎𝟒±𝟎.𝒙xx)𝒓𝒂𝒅

ACP=(8.0±𝟓.𝟐±𝒙.𝒙-)%

𝐞"𝐞# → 𝐉/𝝍 → 𝚺"4𝚺# → 𝒏𝛑"4𝐩𝛑𝟎 +𝐜. 𝐜.

𝜟𝜱= (𝟎.𝟕𝟓𝟐𝟏±𝟎.𝟎𝟎𝟒𝟐±𝟎.𝟎𝟎𝟔𝟔)𝒓𝒂𝒅

Hyperon decay parameters and CP test

2022/12/9 HFCPV2022 21
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BESIII

Hadron physics opportunities:
l Precision hadron spectroscopy →

understand the established hadron
states

l Search for the unexpected hadron 
states and spectroscopy study  →
explore nature of exotic hadron states

Hadron Physics at BESIII

2022/12/9 HFCPV2022 22
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Observation of isoscalar 1−+ η1(1855)

2022/12/9 HFCPV2022 23

Phys. Rev. Lett. 129, 192002 (2022)
Phys. Rev. D 106, 072012 (2022)

[1.7,2.0] GeV/c2

Ø critical to establish the 1−+ hybrid nonet.
Ø supportring f0(1710) overlap with glueball 

Partial wave analysis of 𝑱/𝝍 → 𝜸𝜼𝜼′

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.192002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.072012
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𝑿(𝒑$𝒑) and X(1835)

η(1475)
13.5σ X(1835

)
6.3σ

f1(1285)
< 5σ

Phys. Rev. D 97, 051101(R) (2018) 
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Newly published PWA results

2022/12/9 HFCPV2022 25

PRD105(2022)072002

Observed a possible new 𝟎$$ state, 𝒇𝟎(𝟐𝟒𝟖𝟎)

𝑱/𝝍 → 𝜸𝜼′𝜼′

The large production rate of 𝒇𝟎(𝟐𝟎𝟐𝟎) in radiative 
𝑱/𝝍 decay suggests that it has a large overlap with scalar 
glueball. But, its mass is lower than LQCD calculation 

PRL129(2022)042001

Observation of X(2600) in J/ψ→γηʹπ+π-

JPC: unknown
M = 𝟐𝟔𝟏𝟖. 𝟑 ± 𝟐. 𝟎R𝟏.𝟒#𝟏𝟔.𝟑 MeV/c2

G = 𝟏𝟗𝟓 ± 𝟓R𝟏𝟕#𝟐𝟔 MeV

h radial excitation or exotic hadron?
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EM Dalitz decay studies
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n X(1835) in J/ψ→e+e- η′π+π-

consistent with the theoretical prediction from the VMD model

5.7σ 

n Observation of double
Dalitz decay

PRL129, 022002 (2022)

PRD106, 112002 (2022)

PRD105, 112010 (2022)

𝓑 𝝍(𝟑𝟔𝟖𝟔) → 𝒆$𝒆"𝜼𝒄
= (𝟑. 𝟕𝟕 ± 𝟎. 𝟒𝟎 ± 𝟎. 𝟏𝟖)×𝟏𝟎"𝟓

𝓑 𝜼′ → 𝒆$𝒆"𝒆$𝒆"
= (𝟒. 𝟓 ± 𝟏. 𝟎 ± 𝟎. 𝟓)×𝟏𝟎"𝟔
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New results on Y(2175)/phi(2170)

2022/12/9 HFCPV2022 27

nDifferent masses and widths
nLimited decay modes
nNature is mysterious
nMore studies are desirable 

PRD105, 032005 (2022)
𝒆$𝒆" → ωp𝟎p𝟎 𝒆$𝒆" → ωp$p"

arXiv:2208.04507
𝒆$𝒆" → fp$p"

arXiv:2112.23219

27

JHEP07, 045(2022)
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Some new XYZ results
n X(3872) Main production channel: 𝒆(𝒆] →𝜸X(3872)
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X(3872)→𝝅𝟎𝝌𝒄𝟎 and 𝝅𝝅𝝌𝒄𝟎𝒆!𝒆> →wX(3872) → wp!p>J/ψ

7.5s
BESIII P

reliminary

��	 
��XYZ����
����� 17

Y(4220) and the new Y's

"Y(4220)"Y/0Z

PRD105, 072009(2022)

CPC 46, 111002(2022)PRL129, 102003(2022)

𝒆$𝒆" → 𝝅$𝝅"ψ2(3823)
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Given tetraquark state assumption, there should 
exist SU(3) partner 𝒁𝒄𝒔 state with strangeness

𝒆$𝒆" → 𝑲$(𝑫𝒔"𝑫∗𝟎 + 𝑫𝒔∗"𝑫𝟎)

PRL126(2021)102001

Z0
cs Z+

cs

Zc(3900)−
Zc(3900)0

Zc(3900)+

Z−
cs Z̄0

cs

“Tetra”-Octet?

𝒆$𝒆" → 𝑲𝒔
𝟎(𝑫𝒔$𝑫∗" + 𝑫𝒔∗$𝑫")

PRL129(2022)112003

Ø M=(𝟑𝟗𝟖𝟓.𝟐"𝟐.𝟎$𝟐.𝟏±𝟏.𝟕) 𝐌𝐞𝐕/𝐜𝟐
Ø G =(𝟏𝟑.𝟖"𝟓.𝟐$𝟖.𝟏±𝟒.𝟗)𝐌𝐞𝐕
Ø Open charm final state

Ø M=𝟑𝟗𝟗𝟐.𝟐±𝟏.𝟕±𝟏.𝟔) 𝐌𝐞𝐕/𝐜𝟐

Ø G =(𝟕.𝟕"𝟑.𝟖$𝟒.𝟏±𝟒.𝟑)𝐌𝐞𝐕
Ø Open charm final state

LHCb 𝑩$ → f(J/𝝍𝑲$)
Ø M=(𝟒𝟎𝟎𝟑±𝟔"𝟏𝟒$𝟒 )𝐌𝐞𝐕/𝐜𝟐
Ø G =(𝟏𝟑𝟏±𝟏𝟓±𝟐𝟔)𝐌𝐞𝐕
Ø JP=1+

Ø Hidden charm final state

Close in mass but very 
different widths with
LHCb 𝒁𝒄𝒔(4000)+!

Observation of 𝒁𝒄𝒔(3985)
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ØMeasurement of R values in 14 energy points of 2.23-3.67 GeV
ØPrecision is < 3% and twofold better than previous best measurement
ØCrucial input parameters to calculate the running coupling constant
ØHelp to constrain the muon g-2

The R value measurement

30

Milestone achievement from efforts
of many people in many years

PRL128, 062004 (2022)

2022/12/9 HFCPV2022

http://link.aps.org/doi/10.1103/PhysRevLett.128.062004
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Search for rare decays
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B(ψ(3686)→ Λ+c anti-Σ−) < 1.4×10−5 .

Chinese Phys. C 47, 013002 (2022)

JHEP 06 (2021) 157 

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

BF<1.6×10"Q @ 90% C. L.
One order of magnitude 
improvement over PDG

Δ𝑆! = Δ𝑄 decay Ξ! → Σ"𝑒$𝜈R

arXiv: 2208.09221
Submitted to Phys. Rev. D

https://arxiv.org/abs/2208.09221
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Probing symmetry-forbidden processes: LFV
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𝒆

𝝁

ü Analyzing 9B J/ψ events
ü 𝓑 𝑱/𝝍 → 𝒆𝝁 < 𝟒. 𝟓×

𝟏𝟎#𝟗@𝟗𝟎%𝐂. 𝐋.
ü Improve the previous best limit by 

factor of > 𝟑𝟎
ü The most precise CLFV search in 

heavy quarkonium

Analyzing 10B J/ψ events, with searching 
process 𝑱/𝝍 → 𝒆𝝉, 𝝉 → 𝝅𝝅𝟎𝝂

Combined result:
𝐵𝑅(𝐽/𝜓 → 𝑒𝜏) < 7.5×10>@ @ 90% C.L.

This result improves the previous published limits by 
two orders of magnitude and comparable with the 
theoretical predictions.
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SCIENCE CHINA: 
PMA66, 221011 (2023)

Phys. Rev. D 103, 112007 (2021)
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BNV/LNV search at BESIII
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Data Source Mode |𝚫 𝐁 − 𝐋 | UL on 𝐁𝐅
@ 90% CL

𝒔 = 𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕 𝟐. 𝟗𝟑 𝐟𝐛#𝟏

𝑵𝑫$𝑫%
𝐭𝐨𝐭 = 𝟖, 𝟐𝟗𝟔 ± 𝟑𝟏 ± 𝟔𝟒 ×𝟏𝟎𝟑

𝑵𝑫𝟎.𝑫𝟎
𝐭𝐨𝐭 = 𝟏𝟎, 𝟓𝟗𝟕 ± 𝟐𝟖 ± 𝟗𝟖 ×𝟏𝟎𝟑

𝑫 mesons

𝑫" → 4𝚲 𝒆" 0 𝟔. 𝟓×𝟏𝟎#𝟕

𝑫" → 4𝚺𝟎𝒆" 0 𝟏. 𝟑×𝟏𝟎#𝟔

𝑫" → 𝚲 𝒆" 2 𝟏. 𝟏×𝟏𝟎#𝟔

𝑫" → 𝚺𝟎𝒆" 2 𝟏. 𝟕×𝟏𝟎#𝟔

𝑫𝟎 → Kp𝒆" 2 1.2(𝟐. 𝟐)×𝟏𝟎#𝟔

𝑫" → 4𝒏𝒆" 0/2 1.4(𝟐. 𝟓)×𝟏𝟎#𝟓

𝑫𝟎 → 𝑲#𝝅"𝒆"𝒆" 2 𝟐. 𝟖×𝟏𝟎#𝟔

𝑫" → 𝑲𝑺𝟎𝝅#𝒆"𝒆" 2 𝟑. 𝟑×𝟏𝟎#𝟔

𝑫" → 𝑲#𝝅𝟎𝒆"𝒆" 2 𝟖. 𝟓×𝟏𝟎#𝟔

𝒔 = 𝟑. 𝟎𝟗𝟕 𝐆𝐞𝐕

𝑵𝑱/𝝍𝐭𝐨𝐭 = 𝟏, 𝟑𝟏𝟎. 𝟔 ± 𝟕. 𝟎 ×𝟏𝟎𝟔

𝑱/𝝍 meson
𝑱/𝝍 → 𝚲𝒄"𝒆# 0 𝟔. 𝟗×𝟏𝟎#𝟖

𝑱/𝝍 → 𝒑𝑲#4𝚲 → 𝒑𝑲#𝚲 2 [BF ratio 𝑷 𝚲 < 𝟒. 𝟒×𝟏𝟎#𝟔]

𝜮#
hyperon

𝜮# → 𝒑𝒆#𝒆# 2 𝟔. 𝟕 ×𝟏𝟎#𝟓

𝜮# → 𝜮"𝑿 2 𝟏. 𝟒 ×𝟏𝟎#𝟒

Ξ0hyperon Ξ0→𝐾±𝑒∓ +𝑐𝑐. 2 In progress

PRD 105 032006 (2022)

Arxiv: 2209.05787, PRD 
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BSM particle searches
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9.0billion𝐽/𝜓 events

Better than BaBar limit for m(A0)<0.7 GeV 

• Search for a CP-odd Higgs boson in 
𝐽/𝜓 → 𝛾𝐴v, 𝐴v → 𝜇(𝜇]

PRD105, 012008 (2022)

• Search for a ALP in
𝜓 2𝑠 → 𝐽/𝜓𝜋𝜋

𝐽/𝜓 → 𝛾𝑎， 𝑎 → 𝛾𝛾

Arxiv: 2211.12699, 
to Phys. Lett. B

• The most stringent constraints 
for 0.165 ≤ 𝑚S ≤ 1.468 GeV/𝑐T

• 𝑔SUU > 3×10"Q 𝐺𝑒𝑉"# for 𝑚S
around 0.25 GeV/𝑐T, a factor of 2-3 
better than Belle II measurement

2.7 billion 𝜓(2S) events
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New search results with invisible signatures

35

n Search for massless dark photon in 𝚲𝒄 → 𝒑+ 𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆
𝓑 𝚲𝒄" → 𝒑𝜸9 < 𝟖. 𝟎×𝟏𝟎#𝟓@𝟗𝟎%𝐂. 𝐋.

arXiv:2209.13893, to Phys. Lett. B Phys. Rev. D 106, 072008 (2022) 

𝓑 𝑫𝟎 → 𝝅𝟎𝝂"𝝂 < 𝟐. 𝟏×𝟏𝟎"𝟒 @𝟗𝟎%𝐂. 𝐋.
The first constraint on charmed hadron to di-neutrino

PRD 105, L071102 (2022)

Search for invisible dark photon using ISR

The first search of baryon invisible decay

PRD105, L071102 (2022)

Search of FCNC process with invisibles

2022/12/9 HFCPV2022

https://arxiv.org/abs/2209.13893
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Planned future data set

HFCPV2022
~55 fb-1

8 fb-1 in hand, another 12 fb-1 to 
be collected in the coming 2 years✓

✓

Future Physics Programme of
BESIII (white book)

Chin. Phys. C 44, 040001 (2020)
arXiv:1912.05983
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Upgrade BEPCII
(BEPCII-U)

The upgrade of BEPCII
ü An 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

Ø Add another cavity per beam to improve the RF power
Ø Change optics slightly, increase number of bunches
Ø Challenges: high beam intensities, backgrounds and aging effect in 

the detector
Ø Small risk: can continue running with better performance than BEPCII
Ø Timescale: 2.5 years construction + 0.5 year installation
Ø Installation:  July – December 2024 and the upgraded machine ready 

in Jan. 2025
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Physics opportunities with BEPCII-U

HFCPV2022

üDetailed studies of the known 𝑍�(�) states and search for more exotic states in the 

higher energy region within a considerable amount of data sets.

üCover all the ground-state charmed baryons: production & decays, CPV search

Few data and potential physics for XYZ 
and charmed baryons 
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Summary
n BESIII is successfully operating since 2008, with good performance of the machine

and the detector
n collect large data samples in the energy range 2.0~5.6 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 has great potential with unique datasets and analysis techniques. Operation
for another 5-10 years foreseen
l BEPCII-U: 3x upgrade on luminosity, with energy to 5.6GeV
l …More to come!
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