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ÂBESIII and BEPCII

ÂHighlights of BESIII physics

ïCharmedhadrons

ïLight hadrons 

ïCharmonium(-like)states

ïStrangenium-like states

ïFormfactorsof baryons

ÂFuture plan

ÂSummary

Outline

See more results of light meson decays in 
XiaolinYŀƴƎΩǎ ǘŀƭƪ ǘƻ ōŜ ƎƛǾŜƴ ŀǘ bƻǾΦ мс



BESIII 
detector

LINAC

2020:energyupgradeto 2.45GeV
2004: started BEPCII upgrade,

BESIII construction
2008: test run
2009-now: BESIII physics run   

beam energy: 1.0ς2.3(2.45) GeV          

e+

e-

Å 1989-2004  (BEPC): 

Lpeak=1.0x1031/ cm2s 

Å 2009-now (BEPCII):   

Lpeak=1.0x1033/ cm2s (4/5/2016)
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Beijing Electron Positron Collider (BEPCII)
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Excellent resolution, particle identification, and large 
coverage for neutral and charged particles

NIMA614(2010)345

BESIII detector
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BESIII collaboration

China (48/367)
Institute of High Energy Physics (146), other units(221): Beijing Institute of Petro-
chemical Technology, BeihangUniversity,
China Centerof Advanced Science and Technology, Fudan University,
Guangxi Normal University, Guangxi University, 
Hangzhou Normal University, Henan Normal University, 
Henan University of Science and Technology,
Huazhong Normal University, Huangshan College, Hunan University,
Hunan Normal University, Henan University of Technology 
Institute of modern physics, Jilin University, Lanzhou University, Liaoning Normal 
University, Liaoning University, Nanjing Normal University, Nanjing University, 
Nankai University, North ChinaElectricPowerUniversity,
Peking University, Qufunormal university, Shanxi University, 
Shanxi Normal University, Sichuan University, Shandong Normal University, 
Shandong University, Shanghai JiaotongUniveristy, Soochow University,
SouthChinaNormalUniversity,Southeast University, Sun Yat-senUniversity, 
Tsinghua University,University of Chinese Academy of Sciences, University of Jinan, 
University of Science and Technology of China, 
University of Science and Technology Liaoning, 
University of South China, Wuhan University, Xinyang Normal University, 
Zhejiang University, Zhengzhou University,YunNanUniversity, China University of 
Geosciences 

Europe (17/115)
Germany (6): Bochum University, 
GSI Darmstadt, Helmholtz Institute Mainz, Johannes Gutenberg 
University of Mainz, Universitaet Giessen,Universityof Münster 
Italy (3): Ferrara University, INFN, University of Torino

Netherlands (1):KVI/University of Groningen

Russia (2): BudkerInstitute of Nuclear Physics, DubnaJINR

Sweden (1):Uppsala University

Turkey (1):Turkish AcceleratorCenterParticle FactoryGroup

UK (2): University of Manchester, University of Oxford 

Poland (1)National Centre for Nuclear Research 

USA(4/8)
Carnegie Mellon University

Indiana University
University of Hawaii

University of Minnesota

~500 members 
from 76 institutes in 
16 countries 

Asia (6/10)
Pakistan (2): COMSATS Institute of Information 
Technology
University of the Punjab, University of Lahore
Mongolia (1): Institute of Physics and Technology
Korea (1): Chung-Ang University 
India (1): Indian Institute of Technology madras
Thailand (1): SuranareeUniversity of Technology

South America  (1/1)
Chile: University of Tarapaca
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Data samples at BESIII

Totally about 32 fb-1 at Ecm
between 2 and 4.95 GeV in 12 

year running 

2009:   106M ⱶ(3686)
225M J/ⱶ

2010:   0.98fb-1 ⱶ(3770)

2011:   2.93fb-1ⱶ(3770) (for ╓ , total)
0.48 fb-1 @4.01 GeV

2012:   0.45Bⱶ(3686) (total)
1.30B J/ⱶ(total)

2013:   1.09 fb-1 @4.23 GeV
0.83 fb-1 @4.26 GeV
0.54 fb-1 @4.36 GeV
10³0.05 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
0.57fb-1 @4.60 GeV (☻╬)
0.80 fb-1 R scan@3.85-4.59 GeV

2009:   106M ⱶ(3686)
2015:   R-scan 2-3 GeV+2.175 GeV
2016:   3.20 fb-1 @4.178 GeV (for ╓▼)
2017:   7³0.50 fb-1 XYZ scan@

4.19-4.27 GeV
2018:   More J/ⱶ+tuning new RF cavity
2019:   10B J/ⱶ(total)

8³0.50 fb-1 XYZ scan@4.13, 4.16,
4.29-4.44 GeV

2020 3.8 fb-1 @4.61-4.7GeV (XYZ&☻╬)
2021 2.0fb-1 @4.74-4.946GeV
2021:   2.7Bⱶ(3686)(total)
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Physics at BESIII

World largest J/ⱶ, ⱶ(3686), ⱶόоттлύΣΧ Řŀǘŀ ǎŀƳǇƭŜǎ 

More than 370 papers and 71 in Phys. Rev. Lett.
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BESIII

Hadron-physics challenges:
¸Understanding of established 
states:precision spectroscopy

¸Nature of exotic states:
search and spectroscopy of 
unexpected states

At BESIII, two golden ways to study 
hadron spectroscopy:
ÅLight hadrons: charmonium decays 

(10BJ/‪and2.7B‪ς3)
ÅHeavy hadrons (XYZ): direct 

production, radiative and hadronic 
transitions(23 fb-1 dataabove3.8GeV)

Charmed hadrons:
¸Produced in pair
¸Quantum correlated ὈὈ

2.93 ÆÂ@3.773 GeV:ὈὈ
0.48 ÆÂ@4.009 GeV:ὈὈ
6.32 ÆÂ@4.18-4.23 GeV:ὈὈz
4.4 ÆÂ@4.6-4.7 GeV:ɤɤ

Unique hadrons at BESIII
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Charmed hadrons
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(Semi)leptonic ╓decays
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' CKM matrix elements:fundamental 
Standard Model parameters describing 
the mixing of quark fields due to weak 
interaction

Â| Vcs| and | Vcd|  Ą Test CKM matrix unitarity

ÂDecay constants and form factors  Ą Calibrate LQCD calculations 

ÂBranching fraction ratios Ą Test lepton flavor universality

New physics beyond the SM?



11

PRL122(2019)071802

ἮἎἻȿἤἫἻȿ Ȣ Ȣ ȢрύaŜ±

╓▼ᴼⱲ ▄○○○
PRL127(2021)171801

Studies of ╓▼ᴼ■ⱨ■

ἮἎἻȿἤἫἻȿ Ȣ Ȣ ςȢω-Å6

PRL123(2019)211802

Observation

ἮἎȿἤἫἬȿ Ȣ Ȣ ςȢυ-Å6

137°27

╓ ᴼⱲ p○○
╓▼ᴼm○

~1.1K

~4.9K

PRD89(2014)051104

409°21

Ἦ╓ȿ╥╬▀ȿ Ȣ Ȣ Ȣ-Å6

╓ ᴼm○

m-like

p-like

PRD104(2021)052009

╓▼ᴼⱲ p○○

Ἦ╓▼ȿἤ╬▼ȿ Ȣ Ȣ τȢπ-Å6

╓▼ᴼⱲ r○○
PRD104(2021)032001

Ἦ╓▼ȿἤ╬▼ȿ Ȣ Ȣ τȢψ-Å6

3.19 fb-1

6.32 fb-1 6.32 fb-1
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PRL 123, 211802, tn

PRL 123, 211802 

Extractionof ȿ╥╬▀ȿand█╓

Uncertainties are dominated by statistical currently

Input█╓ Ȣ ȢMeV 
from LQCD calculations 

Input ╥╬▀ Ȣ Ȣ
from CKM global fit 
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Input█╓▼ Ȣ ȢMeV 

from LQCD calculations 

Input ╥╬▼ Ȣ Ȣ
from CKM global fit 

Extractionof ȿ╥╬▼ȿand█╓▼

Statistical and systematic uncertainties are comparable
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Semileptonic ╓ᴼ╟■ⱨ■decays (╬O ▼)
PRD92(2015)072012 PRD96(2017)012002 PRD92(2015)112008

█╓O ╚ ȿ╥╬▼ȿ Ȣ

PRL122(2019)011804

Ἦ╓O ╚ ȿἤ╬▼ȿ Ȣ Ἦ
╓▼O Ɫ ȿ╥╬▼ȿ Ȣ

Ἦ
╓▼O Ɫ ȿ╥╬▼ȿ Ȣ

PRL123(2019)121801

PRD88, 034023

╓▼ᴼh ▄ⱨ▄

╓ ᴼ╚ ⱧⱨⱧ

╓ ᴼ╚ ▄ⱨ▄
╓ ᴼ╚╛▄ⱨ▄

█╓O ╚ ȿ╥╬▼ȿ Ȣ █╓O ╚ ȿ╥╬▼ȿ Ȣ

█╓O ╚Ⱦ█╓O ╚ Ȣ
First

╓ ᴼ╚▄ⱨ▄
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Semileptonic ╓ᴼ╟■ⱨ■decays (╬O ▀)
PRD92(2015)072012 PRD96(2017)012002

Ἦ╓O Ⱬ ȿἤÃÄȿ Ȣ

PRL122(2019)061801

█
╓▼O ╚ ȿ╥╬▀ȿ Ȣ

PRL124(2020)231801

█
╓O h

ȿ╥╬▀ȿ Ȣ

PRD97(2018)092009

╓ ᴼp▄ⱨ▄

╓ ᴼhⱧⱨⱧ

╓▼ᴼ+▄ⱨ▄

█
╓O h

ȿ╥╬▀ȿ Ȣ

╓ ᴼp▄ⱨ▄

Ἦ╓O Ⱬ ȿἤÃÄȿ Ȣ

First

First

╓ ᴼh▄ⱨ▄
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Form factors of ╓ᴼ╟■ⱨ■decays

Experimental precision isbetter than that of LQCDresults. 
Themeasurements of the Cabibbo-suppressed decays are dominated by 
statistical uncertainties

╬O ▼ ╬O ▀



Test of lepton flavor universality
PRL121(2018)171803

SM prediction

PRL122(2019)011804

╓ ᴼ╚ ⱧⱨⱧ

No deviation greater than 1.7swas found! 

BF ratios References

m/e

Ὀ ᴼὑ πȢωχψπȢππχπȢπρς PRL122(2019)011804

Ὀ ᴼï πȢωςςπȢπσππȢπςς PRL121(2018)171803

Ὀ ᴼr πȢωππȢρρ arXiv:2106.02292

Ὀ ᴼὑ ρȢπππȢπσ EPJC76(2016)369

Ὀ ᴼï πȢωφτπȢπσχπȢπςφ PRL121(2018)171803

Ὀ ‫O ρȢπυπȢρτ PRD101(2020)072005

Ὀ hO πȢωρπȢρσ PRL124(2020)231801

Ὀ hO πȢψφπȢςω

PRD97(2018)012006Ὀ hOĽ ρȢρτπȢφψ

Ὀ ‰O ρȢπυπȢςτ

Ώ ᴼΏ πȢωφπȢρφπȢπτ PLB767(2017)42

t/m

Ὀ ᴼt’ σȢςρπȢφτ πȢτσ PRL123(2019)211802

Ὀ ᴼt’ ωȢφχπȢσφ PRL127(2021)171801

The ╓ ᴼtⱨand six semimuonic╓decays are 
observed for the first time.Five semimuoniccharm 
decays are measured with higher precision

17
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╓ ᴼ╪ ▄○╓ ᴼ╪ ▄○

PRL121(2018)081802

ὄ ᴼ ςȢσππȢςφπȢρψπȢςυ ρπ

ὄ ᴼ ρȢπωπȢρσπȢρσ πȢρς ρπ

PRL123(2019)231801

PRL127(2021)131801

Observation of ╓ᴼ ╢ȟ═▄ⱨ▄

ȢⱭ

╓ ᴼ╚ ▄○

╓ ᴼ╚ ▄○PRL122(2019)062001

Supports tetraquark assumption for
light mesons of a0 and f0

New window to explore the property 
and nature of light mesons and K1 mixing

3.0Ɑ

╓ ᴼ█ ▄ⱨ▄

[║╓ █O ▄○ ║╓ █O ▄○Ⱦ║╓ ╪O ▄○ Ȣ
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Hadronic ╓decays

Precision measurements of gat LHCband Belle II need input the strong 
phase differences of neutral D decays

The constraint on the gmeasurement before BESIII is only 2,̄ improved 
measurements of strong phase differences are highly desirable

In the future 10-15 years,
the statistical uncertainties 
of measuring will reachat

~1.5̄ and 0.4̄ at Belle II and 
LHCbupgrade

Quantum-correlated ▄▄ ᴼ
y ᴼ╓╓ pairs at BESIII 
offer an ideal opportunity to 
extract the strong phase 
differences between ╓ and ╓

In B physics, precision measurements of CP 
violation phase angles a, bandgoffer 
powerful tests on the EW theories. Among 
them, the gprecision is the most urgent
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╓ᴼ╚╢Ⱦ╛ⱫⱫ

Constraint on g
measurement ~ 0.9�q

PRL124(2020)241802

╓ᴼ╚╢Ⱦ╛╚ ╚

Constraint on gmeasurement ~ 1.3�q

PRD102(2020)052008

╓ᴼ ╚ ⱫⱫⱫ ἩἶἬ╚ ⱫⱫ

Constraint on gmeasurement ~ 6�q

JHEP05(2021)164 

Strong phase differences between ╓ and ╓

▄▄ ᴼ ᴼ
╓╓ at 3.773 GeV


