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World’s largest 𝛕 − 𝐜𝐡𝐚𝐫𝐦 data sets in 𝐞+𝐞− annihilation
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Selected topics

• Light hadrons: glueballs & more

• XYZ particles: Y(4260), X(3872), Zcs(3985)

• Charm decays: CKM, decay constants, form factors, LFU, Δ𝛿𝐷
• Baryons: form factors & polarization
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Charmonium decays provide an ideal lab for light hadron physics

• Clean high statistics data samples

• Well defined initial and final states
• Kinematic constraints

• I(JPC) filter

• “Gluon-rich” process

What’s the role of gluonic excitation and 
how does it connect to the confinement?

Phys.Rept. 873 (2020) 1
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Scalar glueball candidate

Experimental results

f0(1710) largely overlapped with scalar glueball
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Recent interpretations with coupled-channel 
analysis on BESIII results

To-do:
Implement those more sophisticated models in BESIII analysis 6



The X(2120) and X(2370) 
• Observed in J/ψ→γη′π+π− at BESIII

[PRL106, 072002 (2011)][PRL117, 042002(2016)]

• Combined analysis of  𝐽/𝜓 → 𝛾𝐾+𝐾−𝜂′ and 𝛾𝐾𝑆𝐾𝑆𝜂′
• Search for X(2370) in 𝐽/𝜓 → 𝛾𝜂𝜂𝜂′

PRL106, 072002 (2011)

1.3B

• Observation of  X(2370) → 𝐾ഥ𝐾𝜂′, 8.3𝜎
• No evidence of X(2120) → 𝐾ഥ𝐾𝜂′
• No evidence of X(2370) → 𝜂𝜂𝜂′

PRD103, 012009(2021)

EPJC80,746(2020)
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Search for CP violation in 𝜂′ → 𝜋+𝜋−𝑒+𝑒−

• Test of a new sources of CP violation beyond the CKM phase and outside flavor-changing 
processes

• CP asymmetry arises from the interference between the CP conserving magnetic and CP-violating 
electric transition
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PRD 103,092005 (2021)

• Consistent with 0 within uncertainties, no CP-violation
• Comparable precision to measurement of CP-asymmetry in KL → 𝜋+𝜋−𝑒+𝑒− PRL. 84, 408(2000)

Mod. Phys. Lett.A17, 1489 (2002), Mod. Phys. Lett. A17, 1583 (2002)
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Charmonium and exotics at BESIII

direct production of vectors: ψ , Y
radiative and hadronic transitions to others 
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PRL122, 102002 (2019)

𝑒+𝑒− → 𝜋+𝐷0𝐷∗−

Y(4260)➔ Y(4220) and new Y’s

PRD 99, 091103 (2019)

PRL118, 092002 (2017)

PRL118, 092001 (2017)

PRD 102, 031101(R) (2020)

𝜼𝑱/𝝍

PRD 104, 052012 (2021)

PRD 103, 032006 (2021)

Evidence for Y(4220)→c
+-0

Y(4220),Y(4390), and Y(4660)
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𝒆+𝒆− → 𝜸𝝌𝒄𝑱 at 𝒔=3.8-4.6 GeV
• No signals for 𝒆+𝒆− → 𝜸𝝌𝒄𝟎
• Observations of 𝒆+𝒆− → 𝜸𝝌𝒄𝟏,𝟐

• 𝛾𝜒𝑐1 : Well describe with conventional charmonium states
• 𝛾𝜒𝑐2 : Along with conventional ones, an additional Y state is needed

𝑀 = 4371.7 ± 7.5 ± 1.8 MeV/𝑐2， Γ = 51.1 ± 17.6 ± 1.9 MeV
✓ statistical significance of 5.8 𝜎
✓ consistent with the Y(4360)/Y(4390)

Phys.Rev.D 104 (2021) , 092001
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More X(3872) decay information

• Observation of X(3872) →𝜋0𝜒𝑐1

BESIII, PRL122, 202001 (2019)

5.2

• Transition of 𝑋 3872 → 𝛾J/ψ, 𝛾ψ(2S)

3.5σ  J/
 (2S)

R=
BF(𝑋 3872 →𝛾(2𝑆))

BF(𝑋 3872 →𝛾J/)
<0.59 at 90% C.L. , agrees with 

Belle(<2.1), while challenges Babar(3.41.1) and 
LHCb results (2.46 0.70) 

• Observation of X(3872) →𝐷0ഥ𝐷∗0

7.4σ

• Observation of X(3872) →J/
BESIII, PRL 122, 232002 (2019)

BESIII, PRL 124, 242001 (2020)

BESIII, PRL 124, 242001 (2020)
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The Zc Family at BESIII

Which is the nature of these states? 
If exists, there should be SU(3) counter-part
Zcs state with strangeness

e+e- → π+ π- J/ Ψ e+e- → π0 π0 J/ Ψ

e+e- → π+ ( 𝑫∗ഥ𝑫∗)- e+e- → π0 (𝑫∗ഥ𝑫∗)0

e+e- → π+ π- hc e+e- → π0 π0 hc

e+e- → π+ ( 𝑫ഥ𝑫∗)- e+e- → π0 (𝑫ഥ𝑫∗)0

Zc(3900)
±

Zc(3900)0 Zc(4020)
±

Zc(4020)0
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Observation of the 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓
±

• Simultaneous fit to the five energy points

PRL126, 102001 (2021)

High statistics analysis of 𝑒+𝑒− → 𝐾+𝐾−𝐽/𝜓 is desirable
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Pure leptonic decay

• Decay constant 𝑓𝐷(𝑠)
+

Exp. decay rate + 𝑉𝑐𝑠 𝑑
𝐶𝐾𝑀𝑓𝑖𝑡𝑡𝑒𝑟

→ calibrate LQCD @charm & extrapolate to Beauty

• CKM matrix element 𝑉𝑐𝑠 𝑑

Exp. decay rate + LQCD → CKM matrix elements 18



𝐷𝑠
+ → 𝜇+𝜈𝜇 and 𝐷𝑠

+ → 𝜏+𝜈𝜏 via 𝜏+ → 𝜋+ ҧ𝜈𝜏

Phys.Rev.D 104 (2021), 052009

The most precise result to date 
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𝐷𝑠
+ → 𝜏+𝜈𝜏 via 𝜏+ → 𝑒+𝜈𝑒 ҧ𝜈𝜏

Phys. Rev. Lett. 127 (2021) 171801
The most precise result to date

Combining our results with world averages

No LFU violation is found with the current precision 20



Most precise measurement

𝑓𝐷𝑆
+|𝑉𝑐𝑠| = (244.4 ± 2.3 ± 2.9)𝑀𝑒𝑉
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Semi-leptonic decay

• Analyze exp. partial decay rates → q2 dependence of f+
K()(q2), extract 

f+
K()(0) with |Vcs(d)|

CKMfitter as input ---- calibrate QCD
• Exp. + LQCD calculation of f+

K(0) and f+
(0) → Vcs(d) ---- constrain CKM
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First observation of D+ →
BESIII:  PRL 124, 231801 (2020)2.93𝐟𝒃−𝟏@𝑬𝒄𝒎 = 𝟑. 𝟕𝟕𝟑𝐆𝐞𝐕

𝒆+𝒆− → 𝛙 𝟑𝟕𝟕𝟎 → 𝑫ഥ𝑫

𝐑𝐃𝛈 =
𝚪[𝐃+ → 𝛈𝛍+𝐯]

𝚪[𝐃+ → 𝛈𝐞+𝐯]
= 𝟎. 𝟗𝟏 ± 𝟎. 𝟏𝟑

𝒇+
𝑫→

𝟎 |𝐕𝒄𝒅| = 𝟎. 𝟎𝟖𝟕(𝟎𝟖)(𝟎𝟐)

𝐁[𝑫+ → 𝜼𝝁+𝒗] = (𝟎. 𝟏𝟎𝟒 ± 𝟎. 𝟎𝟏𝟎 ± 𝟎. 𝟎𝟎𝟓)%

No. of single tags: (1522.52.1)X103

No. of double tags: 234  22

(SM prediction: 0.93-0.96)
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2019 

Belle II (arXiv:1808.10567): 1.50 with 50 ab-1

LHCb (arXiv:1808.08865v2): < 1o, 50 fb-1, phase-1 upgrade (2030), 
< 0.4o, 300 fb-1, phase-2 upgrade (> 2035)

>year of 2030 (BESIII 20 fb-1 data as inputs)

BESIII data @3770 MeV (2.93 fb-1
➔ 20 fb-1 )

(3770)→𝐷0𝐷0 quantum correlation➔strong phase parameters between D0 and D0 decays 

➔inputs to measurement of 

BESIII White Paper, Chinese Phys. C 44 (2020) 040001
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For a physical process producing D0 D0 such as

The  correlated state

00'' DDee →→−+ 

The D0 D0 pair  will be a quantum-correlated state+e −e
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Strong phase measurements at 

◼𝑫 → 𝑲𝑺/𝑳
𝟎 𝝅+𝝅− Constraint on 

measurement ~ 0.90PRL 124 (2020)241802
2.93𝐟𝒃−𝟏@𝑬𝒄𝒎 = 𝟑. 𝟕𝟕𝟑𝐆𝐞𝐕
𝒆+𝒆− → 𝛙 𝟑𝟕𝟕𝟎 → 𝑫ഥ𝑫

◼𝑫 → 𝑲𝑺/𝑳
𝟎 𝑲+𝑲−

Constraint on  measurement ~ 1.30

PRD102(2020)052008

◼𝑫 → 𝑲−𝝅+𝝅+𝝅− 𝐚𝐧𝐝 𝑲−𝝅+𝝅𝟎

Constraint on  measurement ~ 60

JHEP 2021 (5)  (2021) 164 
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Oscillation Structure in neutron Form Factor
Nature Physics 17, 1200 (2021)

• a similar periodic structure of |𝐺𝑒𝑓𝑓| as proton

• Simultaneous fit to |𝐺𝑒𝑓𝑓| of neutron and proton 
yields a shared frequency 5.55 ± 0.28 𝐺𝑒𝑉−1

• a large phase difference Δ𝑏𝑜𝑠𝑐 = 𝑏2𝑝
𝑜𝑠𝑐 − 𝑏2𝑛

𝑜𝑠𝑐 =
125 ± 12 ° 28



Weak phase and CP-symmetry tests in sequential 
decays of entangled Ξ+Ξ− pairs

• First measurement of weak phase difference
• First direct measurement of Ξ decay 

parameters
• Independent measurement of Λ decay 

parameter
• Strong phase diff. consistent with zero

Consistent with 
CP symmetry

arXiv:2105.11155

Same precise as HyperCP with 
𝑶(𝟏𝟎𝟑) smaller statistics29



Planned future data set

~55 fb-1

to be complete
in 2022-23✓

✓
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Upgrade BEPCII

(BEPCII-U)

Proposal of the upgrade BEPCII

✓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

➢Add another cavity per beam to improve the RF power

➢Change optics slightly, increase number of bunches

➢Challenges: high beam intensities, backgrounds and aging effect in the detector

➢ Small risk: can continue running with better performance than BEPCII

➢Timescale: 2.5 years construction + 0.5 year installation

➢ Installation:  July – December 2024 and the upgraded machine ready in Jan. 2025
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Summary

• Data with unprecedented statistical accuracy from BESIII provides great opportunities to 
hadron physics and flavor physics. Will continue to run for ~10 years

• BESIII is in good status, inner detector upgrade in progress

• High-lumi. fine scan between 3.8 GeV and 5.6 GeV is planned
➔ BEPCII-U: 3x upgrade on luminosity

• To obtain a complete picture, different experiments with complementary information are 
needed

• Synergies between experiment and theory are essential

Thank you for your attention
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