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陶粲能区的独特性和丰富的物理

• 微扰与非微扰QCD的过渡能区

• 丰富的共振结构、巨大的粲偶素产生截面、阈值产生强子对和𝝉轻子对

• 大量奇特量子数强子、胶子态、多夸克态、夸克胶子混合态

Not yet explored 

t+t-

-R value

-Fragmentation functions

-Nucleon/Hadron form factors

-Y(2175) resonance

- EM/strong interference 

有待进一步深入研
究

-XYZ particles

-Physics with D mesons

-fD and fDs

-D0-D0 mixing

-Charm baryons 

-LH spectroscopy

-Gluonic and exotic

-Hyperon decays

-Rare and forbidden decays

-Physics with  lepton 

通过ISR辐

射研究
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Beijing Electron Positron Collider II

Ecm= 1.84-4.95 GeV

Energy spread: 𝛥𝐸 ≈ 5 × 10−4

Peak luminosity: ~1.1× 1033 cm−2s−1

BEPCII upgrade aims at:

Increase luminosity by a factor of 3 

& Increase beam energy to 2.8GeV
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Beijing Spectrometer (BESIII)

Main Drift Chamber

Small cell, 43 layer 

𝜎𝑥𝑦=130 𝜇m

dE/dx~6%

𝜎𝑝/𝑝= 0.5% at 1 GeV

Time Of Flight

Plastic scintillator 

𝜎𝑇(barrel):   80 ps

𝜎𝑇(endcap): 110 ps (upgrade 
to 65 ps with MRPC)

 

Electromag. Calorimeter

CsI(Tl): L=28 cm

Barrel 𝜎𝐸=2.5%

Endcap 𝜎𝐸=5.0%

Muon Counter (RPC)
Barrel: 9 layers
Endcap: 8 layers
σspatial: 1.48 cm

Upgrade inner drift chamber with CGEM

Ageing problems of inner MDC
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A Wishlist of BESIII since 2019

BESIII White Paper 

CPC44, 040001 (2020)

See G.S.Huang’s talk
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BESIII Data Samples

• >40 pb -1 data collected

• Large Charmonium(-like) events

• 1 × 1010 𝐽/𝜓 events 

• 2.7 × 109 𝜓′ events 

• 20 fb-1 at 3.773 GeV (𝐷ഥ𝐷 pair)

• Unique scan data:

• Baryon pair threshold

• 𝜏 lepton threshold

• Chic1 threshold

• Λ𝑐 pair threshold

• R scan

• XYZ scan

Threshold/pair production, quantum entanglement, clean env. etc. 
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• Inclusive production and fragmentation functions

• Probe EM structure of baryons

• Hyperon physics from 𝐽/𝜓 and 𝜓 3686  decays

• EM and strong interference between vector meson

• Light hadron & searches of exotics

• Charmonium and XYZ spectroscopy

• Charm physics: 𝐷0/±, 𝐷𝑠
+, 𝛬𝑐

+

• …

BESIII Physics Highlights

http://cicpi.ustc.edu.cn/indico/contributionDisplay.py?contribId=275&se

ssionId=8&confId=3658

Overview of BES III @ 第十九届中高能核物理大会

http://cicpi.ustc.edu.cn/indico/contributionDisplay.py?contribId=275&sessionId=8&confId=3658
http://cicpi.ustc.edu.cn/indico/contributionDisplay.py?contribId=275&sessionId=8&confId=3658
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Fragmentation Functions (FFs)

• Fragmentation functions (FFs) encode the long-distance dynamics of quark/gluons hadronization

in a hard-scattering process, where 𝒆+𝒆− collider provide the cleanest input for FFs fitting

• To accurately extract Parton Distribution Functions, precise FFs are required

• There lacks FFs data at low energy region from 𝑒+𝑒− collider 
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Unpolarized FFs at BESIII

)c (GeV/
S
0

K
p

-1 )c
 /

 (
G

e
V

/

S0
K

d
p

S0
K

sd  
h

a
d

s
1

0.1

0.2

0.3  = 2.2324 GeVs
N N FF1.0 N N LO

D S S  N LO

0.1

0.2

0.3  = 2.4000 GeVs

0.5 1.0

0.1

0.2

0.3  = 2.8000 GeVs

 = 3.0500 GeVs

 = 3.4000 GeVs

0.5 1.0 1.5

 = 3.6710 GeVs

)c (GeV/
0p

p

-1 )c
 / 

(G
eV

/
0

p
dp

0
p

sd  
ha

d
s

1

2

4

6

8  = 2.2324 GeVs

N N FF1.0 N N LO

M A P FF N LO

A K R S  N N LO

A R S  N N LO

D S S   N LO

2

4

6

8  = 2.4000 GeVs

0.5 1.0

2

4

6

8  = 2.8000 GeVs

 = 3.0500 GeVs

 = 3.4000 GeVs

0.5 1.0 1.5

 = 3.6710 GeVs

PRL130, 231901(2023)

𝝅𝟎 + 𝑿 𝑲𝒔 + 𝑿

• 𝑫𝒒
𝒉(𝒛): FFs of a quark into a hadron, with hadron carries  𝒛 = 𝟐𝑬𝒉/ 𝒔 of parton’s momentum

• Experimental observable at leading order

• Semi-inclusive hadron production: 

~

PRL133, 021901 (2024)

𝜼 + 𝑿

• To well describe data, NNLO accuracy, hadron mass correction, higher twist contributions etc. are 

needed
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Unpolarized FFs at BESIII

arXiv:2502.16084

• 𝝅+/− + 𝑿 consistent with 𝝅𝟎 + 𝑿

• 𝑲+/− + 𝑿 systematically higher than 𝑲𝒔 + 𝑿 by a factor of ~ 1.4. 

• Global data fit at NNLO under Nonperturbative Physics Collaboration 

• Results support the validity of isospin symmetry in parton fragmentation processes.

𝝅+/− + 𝑿 𝑲+/− + 𝑿
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Electromagnetic Form Factors of Baryons

𝜞𝝁 𝒑′, 𝒑 = 𝜸𝝁𝑭𝟏 𝒒𝟐 +
𝒊𝝈𝝁𝝂𝒒

𝝂

𝟐𝒎𝒑
𝑭𝟐 𝒒𝟐

Sachs FFs: 𝑮𝑬 𝒒𝟐 = 𝑭𝟏 𝒒𝟐 + 𝝉𝜿𝒑𝑭𝟐(𝒒
𝟐)

𝑮𝑴 𝒒𝟐 = 𝑭𝟏 𝒒𝟐 + 𝜿𝒑𝑭𝟐(𝒒
𝟐)

• EMFFs are fundamental properties of the baryon

• Connected to charge, magnetization distribution

• Crucial testing ground for models of the nucleon internal structure

𝜎𝐵 ത𝐵 =
4𝜋𝛼2𝑪𝛽

3𝑞2
[ 𝐺𝑀|

2 +
1

2𝜏
𝐺𝐸|

2]

𝑃𝑦 = −
sin 2𝜃 𝐈𝐦 𝑮𝑬𝑮𝑴

∗ / 𝜏

𝐺𝐸
2sin2𝜃
𝜏

+ 𝐺𝑀
2(1 + cos2𝜃)

Features in time-like region: transversely polarizednon-zero cross section 
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EMFFs of 𝜦𝒄
+ and nucleon

• A step in 𝒆+𝒆− → 𝜦𝒄
+ഥ𝜦𝒄

−, followed by a plateau. Threshold effects observed in various baryons

• Similar oscillation in 𝛬𝑐
+ |GE/GM| distribution as proton observed

• Non-zero GE of neutron indicates inner charge distribution

PRL131,191901 (2023)

PRL124, 042001 (2020) PRL130, 151905 (2023)

Updated from NSR8, 11, nwab187 (2021) 

proton neutron

𝜦𝒄
+
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EMFF phase of hyperons

• |GE/GM| and ΔΦ line-shape is compared with ഥ𝒀𝒀
model (PRD 103, 014028 (2021)), different tendency in

ΔΦ

• The still increasing relative phase indicates the

asymptotic threshold has not yet been reached

• The process 𝒆+𝒆− → 𝜮+(→ 𝒑𝝅𝟎)ഥ𝜮+(→ ഥ𝒑𝝅𝟎) is 

formalized by joint angular distribution:
𝑃𝑦 = −

sin 2𝜃 Im 𝐺𝐸G𝑀
∗ / 𝜏

𝐺𝐸
2sin2𝜃/𝜏 + 𝐺𝑀

2(1 + cos2𝜃)
PRL132,081904 (2024)

More details on baryon EMFFs see J. F. Hu’s talk
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Hyperon Physics at BESIII

𝑩ഥ𝑩 mode 𝓑(× 𝟏𝟎−𝟑) 𝜶𝝍 𝚫𝚽 𝑷𝒚
𝐦𝐚𝐱/ 𝐜𝐨𝐬 𝜽𝐦𝐚𝐱

𝐽/𝜓 → ΛഥΛ 1.89 ± 0.09 0.475 ± 0.003 0.752 ± 0.008 25% / 0.64

𝐽/𝜓 → Σ+ തΣ− 1.07 ± 0.04 −0.508 ± 0.007 −0.27 ± 0.02 16% / 0.82

𝐽/𝜓 → Σ0 തΣ0 1.17 ± 0.03 −0.45 ± 0.02 0.09 ± 0.02 5% / 0.80

𝐽/𝜓 → Ξ0തΞ0 1.17 ± 0.04 0.66 ± 0.06 1.16 ± 0.02 27% / 0.61

𝐽/𝜓 → Ξ− തΞ+ 0.97 ± 0.08 0.59 ± 0.02 1.21 ± 0.05 30% / 0.62

𝑑𝑁

𝑑 cos 𝜃
=
𝑁0
2

1 + 𝛼Λ𝑃Λ cos 𝜃

Anisotropic baryon decay distribution

10 billion 𝑱/𝝍 events collected

• Large BRs in  𝐽/𝜓 decays ➔ tens millions hyperons pairs

• Transversely polarization due to non-zero phase of two helicity amplitudes



15

Hyperon Physics: non-leptonic decays

• Observables:

𝜞 =
𝑒2𝐺𝐹

2

𝜋
𝑆 2 + 𝑃 2

𝛽𝑌 = 1 − 𝛼𝑌
2 sin𝝓𝒀

𝛾𝑌 = 1 − 𝛼𝑌
2 cos𝜙𝑌

𝜶𝒀

Hadronic weak decay 𝒪(1) Radiative weak decay 𝒪(10−3)

• A joint angular analysis of 𝑱/𝝍 → 𝒀−ഥ𝒀+

Spin density matrix (𝑱/𝝍 → 𝒀−ഥ𝒀+ ): For 
𝟏

𝟐

+
→

𝟏

𝟐

+
+ 𝟏−decay:For 

𝟏

𝟐

+
→

𝟏

𝟐

+
+ 𝟎−decay:
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Hyperon Physics: non-leptonic decays

PRL132, 101801(2024)

Test of CP violation

Test of ∆𝑰 = 𝟏/𝟐 rule 

PRD108, L031106 (2023)

Nat. Commun. 15, 8812 (2024)
PRL131, 191802 (2023)

Σ+

PRL131, 191802 (2023)

𝑱/𝝍 → 𝚺+ഥ𝚺− → 𝒏𝝅+ഥ𝒑𝝅𝟎

𝑱/𝝍 → 𝚵𝟎ഥ𝚵𝟎
𝑱/𝝍 → 𝚵𝟎ഥ𝚵𝟎𝝍 → 𝚺𝟎ഥ𝚺𝟎

𝑱/𝝍 → 𝜦ഥ𝜮𝟎
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Hyperon Physics: non-leptonic decays

Sci.Bull. 70, 454-459 (2025)PRL130, 211901 (2023)

*A recent review on radiative weak decay: CPL 42, 032401 (2025)

𝐴𝛬 = −0.0025 ± 0.0046 ± 0.0011 (10billion 𝐽/𝜓)

𝐴𝛴 = −0.004 ± 0.037 ± 0.010 (1.3 billion 𝐽/𝜓)

𝐴Ξ = 0.006 ± 0.013 ± 0.006 (1.3 billion 𝐽/𝜓)

𝛥𝜙𝛯 = −0.005 ± 0.014 ± 0.003 (1.3 billion 𝐽/𝜓)

• Polarization of hyperon disentangled

• Most precise decay parameters obtained 

• More CPV observable constructed
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Hyperon Physics: Semi-leptonic decay and rare decay

PRD107, 072010 (2023)𝜮+ → 𝜦𝒆+𝝊𝒆 ΔS≠ΔQ: 𝜩𝟎 → 𝜮−𝒆+𝝂𝒆 PRD107, 012002 (2023)

PRD108, 012006 (2023)BNL & LNV: 𝜩𝟎 → 𝑲±𝒆∓
Massless dark photon: 

𝜮+ → 𝒑+ 𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆 PLB852, 138614 (2024)
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Hyperon-nucleon Interaction

PRL130, 251902 (2023)

More details on hyperon physics see Tao Luo’s talk

PRL132, 231902 (2024)

𝜩𝟎𝒏 → 𝜩−𝒑
(7.4±1.8stat±1.5syst) mb

PRC109.L052201 (2024)

𝜦 + 𝒑 → 𝜮+ + 𝑿
19.3±2.4 stat±1.8 syst) mb
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Strong and EM Interference in Vector Meson Decay

• With the unique scan data in the vicinity of charmonium, the

relative phase between different interactions can be obtained.

– SU(3) predicts phase between A3g and AEM is 𝜱𝟑𝒈,𝑬𝑴~𝟗𝟎
°

– Phase between AEM and Acont: 𝜱𝜸,𝒄𝒐𝒏𝒕. = 𝟎° from 𝑒+𝑒− → 𝐽/𝜓 → 𝜇+𝜇−

– Phase between A3g and AEM is 𝜱𝟑𝒈,𝑬𝑴~𝟗𝟎
° from 𝑒+𝑒− → 𝐽/𝜓 →

2(𝜋+𝜋−)𝜋0

– More channels on 1−0−, 0−0−, 1−1−, 1+0− , 𝐵 ത𝐵 need to be checked

Phys. Lett. B 791, 375 (2019)

𝚽𝛄,𝐜𝐨𝐧𝐭. = 𝟎°
𝚽𝛄,𝐜𝐨𝐧𝐭. = 𝟎°

𝚽𝟑𝐠,𝑬𝑴 = 𝟖𝟒. 𝟎 ± 𝟑. 𝟔°
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Strong and EM Interference in Vector Meson Decay

PRD 111, 032011 (2025)

The deviations from PDG results are attributed mainly to the 

absence of interference effects in the previous measurements.

PRL 132, 131901 (2024)

First observation of the charmless 

decay 𝝍(𝟑𝟕𝟕𝟎) → 𝑲𝒔
𝟎𝑲𝑳

𝟎
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Hadron Spectroscopy

Updated from Sci. Bull., 68, 2148-2150 (2023)
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Glueballs and Hybrids

• Charmonium decays are ideal hunting grounds for light 

glueballs and exotics

• “Glue-rich” environment

• Clean high statistics data samples from 𝑒+𝑒− production

• Experimental evidence for three isovector states 

with 𝐽𝑃𝐶 = 1−+ :

• 𝜋1(1400), 𝜋1(1600), 𝜋1(2015)

E852, PRL 81, 5760 (1998)

𝜋−𝑝 → 𝜔𝜋−𝜋0𝑝

E852, PRL 94, 032002 (2005)

E852, PRL 79, 1630 (1997)

𝜋−𝑝 → 𝜂𝜋−𝑝 𝜋−𝑝 → 𝜋+𝜋−𝜋−𝑝

𝜋1(2015)

𝜋1(1600)𝜋1(1400)

Crucial task: finding 

an isoscalar 𝟏−+ state
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Glueballs and Hybrids at BESIII

PRL129 192002(2022) 

PRD106 072012(2022)

𝟏−+ 𝝅𝟏(𝟏𝟔𝟎𝟎)

𝟏−+ 𝜼𝟏(𝟏𝟖𝟓𝟓)

Exotic states:PRL132, 181901(2024) A glueball-like X(2370) 

spin-parity: 𝟎− +

Decay modes X 2370 → η′ππ, η′KK, KS
0KS

0η, KS
0KS

0π0, ηπ0π0, a0
0(980)π0 

observed, in analog to ηc
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New Light Hadrons

arXiv: 2410.05736𝑱/𝝍 → 𝝓𝝅𝟎𝜼 PRD110, 112014 (2024)

𝒉𝟏(𝟏𝟗𝟎𝟎)
𝒉𝟐(𝟐𝟑𝟎𝟎)

PRL 132, 151901 (2024)

𝝍(𝟑𝟔𝟖𝟔) → 𝝓𝜼𝜼′

𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−)

𝑿(𝟏𝟖𝟒𝟎)

𝑿(𝟏𝟖𝟖𝟎)

𝛀(𝟐𝟎𝟏𝟗)

PRL134, 131903 (2025)
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Properties of X(3872)

PRL132, 151903 (2024)

• The effects of the coupled 

channels and the off-shell 𝐷∗0

• M=(𝟑𝟖𝟕𝟏. 𝟔𝟑 ± 𝟎. 𝟏𝟑−𝟎.𝟎𝟓
+𝟎.𝟎𝟔) MeV

• Line-shape of X(3872) obtained

PRD109, L071101 (2024)

PRD109, L011102 (2024) 

PRD110, 012006 (2024)

PRD110, 012012 (2024)
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New vectors: Y(4500), Y(4710) and Y(4790) etc.

PRL131, 211902 (2023) PRL131, 151903 (2023) PRL133, 171903(2024) 

PRL132, 161901 (2024)

Y(4230)

Y(4500)?
Y(4500)

Y(4660)

PRL130, 121901 (2023)

Tension between direct (BESIII)

and ISR(Belle) measurements

PRL132, 191902(2024) 
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Search for Zcs states

M=4.044±0.006 GeV/c2

Γ =0.036± 0.016 GeV

Statistical significance is 2.3σ. 

PRL131, 211902 (2023)

arXiv:2407.20009

M = 4208.4±3.1 MeV/c2

Γ = 6.1 ± 5.7 MeV

M = 4316.0± 2.7 MeV/c2

Γ = 9.0 ± 8.6 MeV

Zcs(4220)

• Two fit strategies , where FitI yields a state similar as reported 

at LHCb, Zcs(4220)

𝑲𝑲𝝍(𝟑𝟔𝟖𝟔)

𝑲𝑲𝑱/𝝍

FitI FitII

PRL127, 082001 (2021)
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Charm Physics

• CKM matrix elements are fundamental SM parameters that describe the mixing of quark fields due to 

weak interaction

• Leptonic and semi-leptonic decays of charmed hadrons (D0/±,Ds
+, 𝛬𝑐

+) provide ideal testbeds to explore 

weak and strong interactions











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


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
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d

VVV
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VVV
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s

d

tbtstd

cbcscd

ubusud

'

'

'

Data sample Ecm (GeV) Lum. (fb-1) Single-tag yields (× 𝟏𝟎𝟔)

𝜓(3773) → 𝐷ഥ𝐷 3.773 20.3 ഥ𝑫𝟎~16.9; 𝑫−~𝟏𝟏. 𝟎

𝑒+𝑒− → 𝐷𝑠
±𝐷𝑠

∗∓ 4.128-4.226 7.33 𝑫𝒔
−~𝟎. 𝟖

𝑒+𝑒− → 𝐷𝑠
∗+𝐷𝑠

∗− 4.237-4.669 10.64 𝑫𝒔
−~𝟎. 𝟏𝟐

𝑒+𝑒− → Λ𝑐
+ഥΛ𝑐

− 4.6-4.95 6.5 𝜦𝒄~𝟎. 𝟏𝟓

Low backgrounds and high efficiency; missing technique; Quantum correlations and CP-tagging are unique
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Charm Physics: (Semi-)Leptonic Decay

• 𝑽𝒄𝒔 & 𝑽𝒄𝒅 : better test on CKM matrix unitarity
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Charm Physics: (Semi-)Leptonic Decay

Consistent with SM prediction: 9.75

Lepton Flavor Universality tests:
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Charm Physics: (Semi-)Leptonic Decay

Decay constant 𝒇𝑫+ and transition form factors 𝒇+(𝟎):

The most precise result 𝑓+
𝐷→ ഥ𝐾(0) is consistent with LQCD calculation with 2.5𝜎
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Charm Physics: Hadronic Decay

PRL132, 131903 (2024) 𝐷0/+ → 𝜋+𝜋−/0𝜂 PRD110, L111102 (2024)

Amplitude analysis: Observation of 𝑫+ → 𝒂𝟎(𝟗𝟖𝟎)
+𝑲𝒔

𝟎, 𝑫𝟎 → 𝒂𝟎 𝟗𝟖𝟎 𝝅,𝑫𝟎 → 𝑲∗(𝟖𝟗𝟐)𝑲𝒔
𝟎,

𝑫𝒔
+ → 𝒇𝟎 𝟗𝟖𝟎 𝝆+ , 𝜦𝒄 → 𝒂𝟎 𝟗𝟖𝟎 𝜦 etc.

𝐷+ → 𝐾𝑠
0𝜋+𝜂

Λ𝑐 → Λ𝜋+𝜂 PRL134, 021901 (2025)PRL 134, 011904 (2025)𝐷𝑠
+ → 𝜋+𝜋+𝜋−𝜋0
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Charm Physics: Hadronic Decay

• Strong phase differences of neutral 𝐷 decays → contribution on the 𝛾 measurement

𝑪 𝑫𝟎 ഥ𝑫𝟎 = (−𝟏)𝒏+𝟏

CP-even fraction in 𝐷0 → 𝜋+𝜋−𝜋0

PRD111, 012007 (2025)

𝐷0 → 𝜋+𝜋−𝜋+𝜋− (𝒄𝒊, 𝒔𝒊) measurements

PRD110, 112008 (2024)
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Charm Physics: Hadronic Decay

PRL132, 031801 (2024)𝜦𝒄
+ → 𝜩𝟎𝑲+ PRD111, L051101 (2025)𝜦𝒄

+ → 𝒑𝝅𝟎

• Deep learning is developed to 

suppress non- Λ𝑐
+ hadronic

events

ഥ𝜦𝒄
− → ഥ𝒏 + 𝑿

About 20% of Λ𝑐
+ decays with a 

neutron are still unobserved

ℬ ഥΛ𝑐
− → ഥ𝑛 + 𝑋 = 33.5 ± 1.4 %

PRD108, L031101 (2023)
PRD109, 112007 (2024)
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• BESIII has a rich and fruitful program in hadron spectroscopy and hadron 

structure, hyperon physics and charm physics etc..

• The installation of BEPCII upgrade and BESIII inner tracker were finished.

Summary

BEPCII-U Operation tentative plan• With luminosity tripled and beam energy 

increased to 2.8 GeV, BESIII is expected 

to provide more results in the upcoming 

operations. 
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Thanks!

谢谢！
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