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BESIII 
detector

LINAC

2020: energy upgrade to 2.45 GeV
& top-up mode

2004: started BEPCII upgrade,
BESIII construction

2008: test run
2009 - now: BESIII physics run   

Beijing Electron Positron Collider (BEPCII)

beam energy: 1.0 – 2.3(2.45) GeV          

e+

e-

• 1989-2004  (BEPC): 
Lpeak=1.0x1031 /cm2s 

• 2009-now (BEPCII):   
Lpeak= 1.0 x1033/cm2(4/5/2016)吕晓睿 格点QCD2023年会 3
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BESIII data sample
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2020: 3.8 fb-1 scan 4.61-4.7 GeV
2021: 2 fb-1 scan 4.74-4.95 GeV; 2.55B !(2S)
2022: 5.1 fb-1 at !(3770)
2023: ~8.1 fb-1 will be taken at !(3770)

Totally submitted
542 papers
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Physics at tau-charm Energy Region
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Precision measurement
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Unique data sets near thresholds 

格点QCD2023年会

e+e- symmetric collision: 
energy scan data sets at open 
charm thresholds and
hyperon pairs

Ø Meson and Baryon pair-productions near thresholds:  
form-factors in the time-like production, precision branching fractions,  relative phase;  

Ø Quantum-entangled pair productions of charmed mesons

Ø Hyperon and charmed baryon spin polarization in quantum entangled productions;  

DD̄
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3.773 GeV, ~16 !b"#, #$#
4.008 GeV, 0.48 !b"#, #$$#$
4.18-4.23 GeV, 6.32 !b"#, #$$#$∗
4.6-4.95 GeV, 6.4 !b"#, Λ&$Λ&
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Known initial 4-momentum

Known beam energy: pair productions

Decay with neutron & '0
Decay with invisibles: neutrinos  

Missing mass or missing energy 

Σ! → #$"

Single  tag

e+ e-

吕晓睿

BESIII advantage: unique data near to the 
thresholds 
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Excellent resolution
Beam-constraint Lc mass

Missing mass
Neutrino reconstruction 
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Charm hadron decays
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2.93/fb at !(3770) 0.567/fb at 4.6 GeV

4.178
GeV

!!"
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&$ &"
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Purely Leptonic Semi Leptonic Hadronic



Precision measurement of CKM elements
-- Test EW theory 
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Three generations of quark? Unitary matrix?

Expected precision < 2% at BESIII

BESIII + B factories + 

LQCD

• Precision measurement of CKM matrix elements 
• A precise test of SM model
• New physics beyond SM?

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

BESIII + B factories + 

LHCb + LQCD
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!(")$ decay constant
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Form factors !!"→$

• LQCD has repaid improvement on precisions
• Systematics on from factors at BESIII will be

dominant and crucial for further 20/fb charm
data
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Energy-dependent form factors
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no LQCD result yet (?)

large deviation from LQCD results

!(") semileptonic mode
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Energy-dependent form factors

格点QCD2023年会
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More form factors
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• Precisions will be improved much with future 20/fb & '(() data
• LQCD calculations are desired.
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Measurement of |Vcs| and |Vcd|

格点QCD2023年会

• Great precision
improvement due to
LQCD form factors

• No sign of conflicts
between direct
measurement and
indirect fit
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Study on "%∗! → $!%
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2.9 "

• Branching fraction is determined to be

arXiv:2304.12159

an avenue to study the weak decays of vector 
charmed mesons in experiment
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Recent results on '!" leptonic decays
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3.8σ8.2σ

PRD106, 112010 (2022)

Observation of #$% → %&&'%(Determination of form factors of 
)$% → )'%('

((Λ!" → #$"%#) = (3.56 ± 0.11 ± 0.07)%

First direct comparisons on the differential decay rates and form factors with 
LQCD calculations [PRL118, 082001 (2017)]

PRL129, 231803 (2022)

• Second leptonic decay of Λ!" is observed!
• Good channel to study Λ excited states, such as

Λ(1405) and Λ(1520)

!(Λ!" → %&#'"()=
!(Λ!" → Λ(1405)'"()=
!(Λ!" → Λ(1520)'"()=
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Combined form factor fits to !*+ → !#+$, and !%+$'

格点QCD2023年会

PRD108, L031105 (2023)

<$!!>=
−0.94± 0.07 ± 0.03

LQCD results from
S. Meinel, PRL118, 082001 (2017)
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Baryon pair production

格点QCD2023年会
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Hyperon physics at BESIII

10 billion J/psi events collected 

• Large rates in  %/' decays 

• Quantum entangled pair productions 

• Background free, high efficiency

Hai-Bo Li,  arXiv:1612.01775
A. Adlarson, A. Kupsc, 
arXiv:1908.03102

CPV in SM is small � # events                Experiments

B meson   : O(1) discovered (2001� 103 5 6789:;<
K meson   : O(10-3)  discovered (1964� 106 =>? 97;@A9B
D meson   : O(10-4) discovered(2019� 108 LHCb

Hyperon  :            O(10-4) no evidence (10-2)     O(108) =>? 97;@A9B
à BESIII ? 

����

2008

吕晓睿 格点QCD2023年会

a hyperon factory!

http://arxiv.org/abs/arXiv:1612.01775
http://arxiv.org/abs/arXiv:1908.03102
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Study on hyperon rare decays
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! → #$ in %/' → !!(
PRL129, 212002 (2022)

!! → #$ from %/' → !!!("
PRL 130, 211901 (2023)

inconsistent |Vus| measurement

' → ()** in +/- → '.'
PRL 127, 121802 (2023)
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Hadron Spectroscopy

格点QCD2023年会



BESIII
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Hadron Landscape
Hadron-physics challenges:

l Understanding of established 
states: precision spectroscopy

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

At BESIII, two golden measures to study 
hadron spectroscopy, esp., to search for exotics
• Light hadrons: charmonium radiative decays (act 

as spin filter) ( 10 B J/- and 3 B -(/0) )
• Heavy hadrons: direct production, radiative and 

hadronic transitions (data above 3.8 GeV) XYZ studies: about 23 /fb

data above 3.8 GeV



Are they the same state?  It is crucial to understand their connections.
吕晓睿 26格点QCD2023年会

J/ψàγKsKsη

1.31B

J/ψàγη'π+π-

X(!"!)/X(18??) from J/ψ radiative decays

J/ψàγωφ

225M

J/ψàγ!!"

225M

J/y®g3(π+π-) J/ψàωηπ+π-

225M

225M

PRL117,	042002	(2016)	

J/ψ→γ6"7%7&

225M

X(1835)

J/ψ→γγ2

PRD97,	051101(R)(2018)

+(2120), +(2370)
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Rediscovery of Y(2175)/"(2170)

格点QCD2023年会

Y(2175)
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PRL129, 192002 (2022)
PRD106, 072012 (2022)

3,(5677)(5*")

Hybrid? 

Molecule? 

Tetraquark?
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9(2600) in %/' → :;!;#<′
PRL129, 042001 (2022)

>$(?@AB) in %/' → :<′<′

PRD105, 072002 (2022)

C$(DADE) in F%! → G&G!;$

PRL129, 182001 (2022)

H ?IJK → LML in N!N# → <LML

PRD 107, 112001 (2023) 

PRD 105, 032005 (2022)
O(??JB) in N!N# → O;$;$

PRD104, 052006 (2021)
H ??K? → LML in N!N# → PLML
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Amplitude analysis of X(2085)
in ("(# → )*#+'
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8.35 8b*- data at 4.008, 4.178, 4.226, 4.258, 4.416, and 4.682 GeV

• %8# resonance parameters and spin-
parity:
Ø pole mass: (2086±4±6) MeV/c2
Ø pole width: (56±5±16) MeV
Ø favor 1"

• no corresponding excited kaon candidates in
experiment or in quark model prediction

• could be an exotic state

>20σ

arXiv:2303.01989
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Y(4260)è Y(4230) & Y(4320)

格点QCD2023年会

PRD106, 072001 (2022)

PRD 104, 052012 (2021)
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PRL130, 121901 (2023) 

2;<

observation of the Y(4710)
CPC 46, 111002 (2022)

arXiv:2308.15362 

Y(4710)

Y(4710) mass: 4708#'(!') ± 21 MeV/]*

Y(4710) width: 126#*+!*) ± 30 MeV

è Y(4230)

è Y(4500)

è Y(4660)
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Cross sections of !!!" → ##∗!##∗"
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9 4160 or 9 4230

9 4415 ?

a resonant
structure?

arXiv:2305.10789

Y(4790): the heaviest charmoniumlike state!
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Cross sections of #$#% → %&$%&%
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• Negate the * 4630 in decaying into Λ&CΛ&" reported by BELLE
• Energy-dependence of |GE /GM | reveals an oscillation feature, 

which may imply a non-trivial structure of the lightest charmed 
baryon. 

arXiv:2307.07316
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The Zc family at BESIII

Zc(3885)+ Zc(3885)0

Zc(3900)+ Zc(3900)0

Zc(4025)+ Zc(4025)0

Zc(4020)+ Zc(4020)0

!!!" → ##(%∗%&∗)#!!!" → ##(%∗%& )#

PRL 110, 252001 (2013) 

PRL 115, 222002 (2015) PRL115, 182002 (2015)PRL 112, 132001 (2014)ST: PRL 112, 022001(2014)
DT: PRD92, 092006 (2015)

PRL 115, 112003 (2015) PRL 111, 242001(2013) PRL113,212002 (2014)
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Studies on the Zcs states 
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=!" >?67 "

.".# → 0"(2$#2∗& + 2$∗#2&)

4.6"

=!" >?67 5
.".# → 0'(2$#2∗" + 2$∗#2")

PRL126, 102001 (2021) PRL129, 112003 (2022)

2.1"

Search for =678 CPC47, 033001 (2023)
Search for =67" → @"+/-

.".# → 0"2$∗#2∗&

arXiv:2308.15362 

.".# → 0"0#9/;

2.6"

mass: 4044 ± 6 MeV/]*
width: 36±16 MeV



Joint efforts among experiments and theories

in	$"$* → D*EF

in	$"$* → D*EF

in G → HEF,±-//

吕晓睿 38格点QCD2023年会

• It is crucial that different experiments, such as BESIII, LHCb and
Belle II, exchange information in the efforts of amplitude analyses
ü Sharing the knowledge on analysis tools

eg, TF-PWA (talks given inside BESIII and LHCb) https://github.com/jiangyi15/tf-pwa
ü Constraints on properties of the hadronic states

• A few cases:
• Zc/Zcs productions (e+e- annihilations or b-hadron decays) and decays

(to open or hidden charm states)

World-wide 
experimental 

efforts
Models LQCD

• Energy-dependence
• Patterns in productions and decays Pole properties

Y(4260)

?

Zc(3900)?X(3872)
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BEPCII-U in 2024

格点QCD2023年会

ü Detailed studies of the known X/Y//&($) states and search for `black swans` in 

the higher energy region within a considerable amount of data sets.

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

Few data and potential physics for XYZ 
and charmed baryons 

⇤c⇤̄c
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Upgrade BEPCII
(BEPCII-U)
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Summary
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• BESIII is successfully operating since 2008, and will continue 
to run for 5–10 years
– collect large data samples in the energy range 2.0~5.6 GeV

• Accomplish many precision measurements and new
observations
ü Charmed mesons and baryons
ü XYZ states and light hadron spectroscopy
ü Form factors of the nucleon and hyperons
ü Low-Q2 QCD studies: R value, multi-meson production, fragmentation

function, …
ü CPV search, rare decays and new physics search
ü …

• Future goals:
50M D0, 50M D+, 15M Ds, 2M Lc , high-lumi. fine scan between 3.8 GeV
and 5.6 GeV
è BEPCII-U: 3x upgrade on luminosity
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