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Disclaimer: 
selective overview, not comprehensive; complementary to other BESIII talks



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 第七届手征有效场论研讨会，南京 3
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BESIII data sample

第七届手征有效场论研讨会，南京

2020-2021

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)

submitted : 454 
published : 412
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Physics at tau-charm Energy Region

第七届手征有效场论研讨会，南京
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Updated R values at BESIII

第七届手征有效场论研讨会，南京

PRL128, 062004 (2022)• 14 fine-scan data points from 2.23-3.67 GeV
• Important inputs for SM-prediction of g-2

http://link.aps.org/doi/10.1103/PhysRevLett.128.062004


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 !(#$) )
• Heavy hadrons: direct production, radiative and 

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

data above 3.8 GeV
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Y(2175) resonances

第七届手征有效场论研讨会，南京

JHEP07, 045(2022)



吕晓睿 9

PWA of !/# → %&&′

第七届手征有效场论研讨会，南京

arXiv:2202.00621, Accepted by PRL
arXiv:2202.00623, Accepted by PRD

based on 10B !/# events
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Observation of exotic isoscalar meson
!!(#$%%)(#"#)

第七届手征有效场论研讨会，南京

• Assuming η!(1855) is an additional resonance, scans of with different masses and widths
• Significant 1"# contribution around *.+ ,-.//! needed

Hybrid? 
Molecule? 
Tetraquark?

arXiv:2202.00621,
Accepted by PRL
arXiv:2202.00623,
Accepted by PRD
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PWA of !/# → %&′&′

第七届手征有效场论研讨会，南京

PRD105, 072002 (2022)

• new state f0(2480) firstly observed

• new decay modes for f0(2020), f0(2330), and f0(2340)

• f0(2020) a scalar glueball?
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PWA of !/# → %(!(!)"
arXiv:2209.11175• To explore the nature of & 1405 and & 1475 :

radial ex-citations of the η and η′? non-q-q exotic state?
• A clean channel with negligible background

In MI-PWA, large flat 0-+

components between 1.4-1.5 GeV
• Resonance parameters of

the involved pseudoscalar,
axial vector, and tensor
states

• Data can be used for further
investigations of the
properties of the & 1405
and & 1475 mesons



Are they the same state?  It is crucial to understand their connections.
吕晓睿 13第七届手征有效场论研讨会，南京

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→γ3!4"4#

225M

X(1835)

J/ψ→γγ4

PRD97,	051101(R)(2018)

$(2120), $(2370)
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!(2600) in "/$ → &'!'"(′

第七届手征有效场论研讨会，南京

• 10B 5/6 events are analyzed, where 7(2120) and
7(2370) are confirmed

• A new state 8(#9::) in ;";#&′ final states is 
observed with significance >20=, which is 
correlated to a structure @1.5 GeV/B$ in 
C(;";#)

• Simultaneous fit to C(;";#&′) and C(;";#):
interference of D%(1500) and X(15? ? ) in ;";#

PRL129, 042001 (2022)

BF(2/4 → 67 2600 , 7 2600 → 8!9", 8! → :#:$)

• X(2600): 0#" or 2#" is favored. & radial excitation, or exotics?
• X(1540): D$! 1525 or D$ 1565 ?
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EM Dalitz decay of "/$ →
*!*"'!'"(′

第七届手征有效场论研讨会，南京

PRL129, 022002(2022)

• Observation of X(1835), X(2120),
and X(2370) in EM Dalitz decays

• First measurement of the TFF
between 5/6 and X(1835)

2/4 → 6:#:$9′

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.022002
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The Zc and Zcs Family at BESIII

SU(3) counter-part
Zcs state with strangeness

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)

!!!" → #!$#"$∗%

!!"#
!∗"

!#$

"%

!#!$ → ##$%∗$$'

!!"

(&'$
!#

!!∗"

"%

##(%)

5 = 3985.2"%.'
#%.! ± 1.7 MeV/c%

A = 13.8"(.%
#).! ± 4.9 MeV

PRL126, 102001 (2021)

>5.3 H

First candidate of the hidden-
charm tetraquark with strangeness!

Observation of the C"# DE+F ±
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Evidence for the neutral (!" )*+, !

第七届手征有效场论研讨会，南京

PRL 129, 112003 (2022)3.7fb-1 data accumulated at 4.628-4.698 GeV
Partial reconstruction
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Evidence for the neutral (!" )*+, !

第七届手征有效场论研讨会，南京

4.6H

• Mass and width consistent with the charged
Zcs: m(Zcs+)<m(Zcs0)

• Cross sections are consistent under isospin
symmetry

è they are isospin partners

PRL 129, 112003 (2022)
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Discussions on the nature of )$% *+$%

• Various interpretations are possible for the structure
– Tetraquark state
– Molecule
– I&$

∗ (2573)"I&∗# threshold kinematic effects
– (Re-scattering , Reflection, Triangle singularity)
– Mixture of molecular and tetraquark
– …

&"# '()* from +$+% annihilations and
&"# ,--- from B decays
• their masses are close, but widths are
different

• If they are same, why width so different?
• If they are not same, is there the
corresponding wide Zc(3900)?

• Looking for more channels will be useful

PRL126, 102001 (2021)

PRL127, 082001(2021)

PRL 129, 112003 (2022)

<# → =/>?@#
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Y(4230), Y(43XX) and Y(4660)

第七届手征有效场论研讨会，南京
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Cross sections of -"-# → .".#!/#

第七届手征有效场论研讨会，南京

arXiv:2204.07800
BESIII, PRD97, 071101(2018) Belle, PRD 89 , 072015 (2014)

https://doi.org/10.1103/PhysRevD.97.071101
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Cross sections of -"-# → /"/#!/#

第七届手征有效场论研讨会，南京

arXiv:2206.08554
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Cross sections of ,#," → .#."/(*$0*)

第七届手征有效场论研讨会，南京

PRL129, 102003 (2022)first observation of vector Y states
decaying to D-wave charmonium state 

0.33 ± 0.12(< 0.51))

• R1 and R2 consistent with Y(4360) and Y(4660)
• BESIII also observes G#G" → H'H'# 3823

[arXiv:2209.14744], consistent with isospin symmetry
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Unique data sets near thresholds 

第七届手征有效场论研讨会，南京

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

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

<latexit sha1_base64="KXL/ngx5txduQ/2cjmGwHdNoHW8="></latexit>

D+
s D

�
s

<latexit sha1_base64="hyL3ogVk/aODHf4PyuCq9lWpmyk="></latexit>

3.773 GeV, ~8 .b%&, 010
4.008 GeV, 0.48 .b%&, 0'10'
4.18-4.23 GeV, 6.32 .b%&, 0'10'∗
4.6-4.95 GeV, 6.4 .b%&, Λ)1Λ)

24



Known initial 4-momentum

Known beam energy: pair productions

Decay with neutron & *0
Decay with invisibles: neutrinos  

Missing mass or missing energy 

Σ# → F:%

Single  tag

e+ e-

吕晓睿

BESIII advantage: unique data near to the 
thresholds 

第七届手征有效场论研讨会，南京

Umiss
(GeV)

Ev
en

ts
 /0

.0
10

  (
G

eV
)

Excellent resolution
Beam-constraint Lc mass

Missing mass
Neutrino reconstruction 

⇤+
c ! ⇤e+⌫⌫

<latexit sha1_base64="qOF78n1xTQM9tMLRX7sSE2o8gNs="></latexit>
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Charm hadron decays

第十届粒子物理暑期学校，衡阳

2.93/fb at #(3770) 0.567/fb at 4.6 GeV

4.178
GeV

!!"

!!∗$
!!$ "($%)

&$ &"
$"

'

Tag

Signal

($
("

Purely Leptonic Semi Leptonic Hadronic



!0+ and !0$+
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Most precise direct
measurement of |Vcs| and |Vcd|

第七届手征有效场论研讨会，南京

fK+(0) from HPQCD: 2.4%à0.6%
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D hadronic decays

第七届手征有效场论研讨会，南京

Amplitude analysis of D+$ → K,K$6-

arXiv:2204.09614

Observation of a0(1710)+, the isovector
partner of the f0(1710) and f0(1770)

M = 1.817 ± 0.008 ± 0.020 GeV/c2

G = 97 ± 22 ± 15 MeV

Angular distribution studies reveal that the ω and
f in the D0 decay are transversely polarized, 
which contradicts predictions from the naive 
factorization and Lorentz invariant-based 
symmetry models. 

PRL128, 011803(2022)
Observation of 7$ → 8f
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New "1 data is available!

第七届手征有效场论研讨会，南京

Very productive for th
e 

data taken in 35 days!

Hadronic decay

+!" → -.#/" + 11 CF modes PRL 116, 052001 (2016)

+!"→pK+K-, pπ+π- PRL 117, 232002 (2016)

+!"→nKsπ+ PRL 118, 12001 (2017)

+!"→pη, pπ0 PRD 95, 111102(R) (2017)

+!"→ 0#π+π+π0 PLB 772, 388 (2017) 

+!" → 1$(∗)." PLB783, 200 (2018)

+!" → +2/" PRD99, 032010 (2019)

+!" → 0"2, 0"2′ CPC43, 083002 (2019)

+!" → BP decay asymmetries PRD100, 072004 (2019)

+!" → -.(2 PLB 817, 136327 (2021)

+!" spin determination PRD 103, L091101(2021)

Semi-leptonic decay

+!"→+e+5) PRL 115, 221805(2015)

+!"→+μ+5* PLB 767, 42 (2017)

Inclusive decay

+!"→+X PRL121, 062003 (2018)

+!"→6"X PRL 121 251801(2018) 

7+"→8,-X EPJC 80, 935 (2020)

Production

+!"+!# cross section PRL 120,132001(2018)

2014：0.567 fb-1 at 4.6 GeV

3/2-

5/2+

Lc(2940)

Lc(2880)

Sc(2800)

Xc(2980)

Xc(3080)

Lc(2595)

Lc(2625)

Sc(2520)

Xc(2815)
Xc(2790)

Xc(2645)

X’c

Wc(2770)

??

~8 times more K9 samples are
accumulated in 2020 and 2021
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Recent results on 2$" leptonic decays

第七届手征有效场论研讨会，南京

3.8σ8.2σ

arXiv: 2207.11483

Observation of K(" → LM#N"O

L(Λ:
# → NO"G#P)=

L(Λ:
# → Λ(1405)G#P)=

Determination of form factors of 
P(" → PN"O)

.(Λ;# → QG#P<) = (3.56 ± 0.11 ± 0.07)%

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

arXiv:2207.14149

• Second leptonic decay of Λ;# is observed!
• Good channel to study Λ excited states,

such as Λ(1405) and Λ(1520)

L(Λ:
# → Λ(1520)G#P)=
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Recent results on 2$ hadronic decays

第七届手征有效场论研讨会，南京

Observation of Λ*" → R;"

PRL128 (2022) 142001

arXiv:2208.04001

PRD106, 072002 (2022)G&# → HI′

PRD106, 052003 (2022)

first measurement

Determination of the BF for Λ*" → Σ"T+ and Σ%T"

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

7.9$

7.8$ > 10$arXiv:2210.03375

Many CS modes are explored.
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Amplitude analysis of *%& → *+&+'

第七届手征有效场论研讨会，南京

arXiv:2209.08464
• First Amplitude analysis of this mode
• Based on TF-PWA package: https://gitlab.com/jiangyi15/tf-pwa

Many first measurements of intermediate states!

https://gitlab.com/jiangyi15/tf-pwa
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强子衰变中的CP破坏

第七届手征有效场论研讨会，南京

from Viktor Thoren
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CPV in X- àLp- decay

第七届手征有效场论研讨会，南京

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

First measurement of baryon weak 
phase difference 

~73K signals

We obtain the same precision for
R as HyperCP with three orders 

of magnitude smaller data sample! 

HyperCP:  4%,&'()*+, = −S. STU ± S. S** ± S. S**
BESIII: <4%> =S.S*V±S.S*T±S.SSW HyperCP: PRL 93(2004) 011802 

e+e� ! J/ ! ⌅�⌅̄+

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

Nature 606, 64 (2022)

https://doi.org/10.1038/s41586-022-04624-1
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Updated L decay asymmetry in 1// → 3(3

第七届手征有效场论研讨会，南京

• Updated results based on 10B 5/6 events: ~0.42M signals
• Perfect fit to data
• Decay asymmetries with improved precisions are consistent with previous BESIII results
• Sensitivity of ACP is improved to the level of below 0.5%

PRL129, 131801(2022)
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Radiative hyperon decay 3 → %4 in
!/# → 353 decays

第七届手征有效场论研讨会，南京

• To access the information on parity violating and parity conserving amplitudes
in hyperon decays

• Previous measurements are from fixed target experiments and 30 years old!

• A factor of two smaller than the previous measurement
• Obtained asymmetry does not agree well with existing theoretical predictions 

arXiv:2206.10791
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Evidence for the cusp effect in !9 → !.!.!

第七届手征有效场论研讨会，南京

arXiv:2207.01004
• Based on 10B 5/6 events: ~0.43M signals of &! → &;0;0

• A Dalitz plot analysis within the framework of non-relativistic effective field 
theory (NREFT)

• Evidence for a structure at ;";# mass threshold is observed in the ;0;0 mass 
spectrum with a statistical significance of around 3.5=
è consistent with the cusp effect as predicted by the non-relativistic effective 
field theory

• Scattering length combination U% − U$ determined to be 0.226 ± 0.060 ± 0.012
è in good agreement with theoretical calculation of 0.2644 ± 0.0051
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Rare processes

第七届手征有效场论研讨会，南京

Λ invisible decaysLFV in !/# → G#X"

arXiv:2206.13956
PRD105, L071101(2022)

Observation of e#e" → Y:!

PRD105, L071102(2022)

PRL129, 122001 (2022)

http://arxiv.org/abs/2206.13956
https://link.aps.org/doi/10.1103/PhysRevLett.129.122001
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Observation of the hindered electromagnetic 
Dalitz decay /(*4$4) → ,#,"!$

第七届手征有效场论研讨会，南京

arXiv:2208.12241

consistent with the theoretical prediction from the VMD model

• A probe of the dynamic EM structure of the transition V→P, to investigate the 
fundamental mechanisms for the interactions between photons and hadrons

• Transition form factor characterizes the EM structure
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BESIII Physics

第七届手征有效场论研讨会，南京

Chin. Phys. C 44, 040001 (2020)
doi:10.1088/1674-1137/44/4/040001
[arXiv:1912.05983 [hep-ex]].

Int. J. Mod. Phys. A 24, S1-794 (2009) 
[arXiv:0809.1869 [hep-ex]].
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Planned future data set

第七届手征有效场论研讨会，南京
~55 fb-1

to be complete
in 2022-23✓

✓



Upgrade BEPCII
(BEPCII-U)

Proposal of the upgrade 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

吕晓睿 第七届手征有效场论研讨会，南京 44
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Potential physics with BEPCII-U

第七届手征有效场论研讨会，南京

ü Detailed studies of the known :)(') 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

<latexit sha1_base64="w3K6x6YRG8GRvP8VTBn2KV/7Uhw="></latexit>

⌃c⌃̄c

<latexit sha1_base64="sJahAfEPVu9jK/YfUsCLWSQQ1js="></latexit>

⌅c⌅̄c

<latexit sha1_base64="KGhKNYGBpeJANtzvfmVK6FxmZB8="></latexit>

⌦c⌦̄c

<latexit sha1_base64="hh7C56YhuAYSC9BiWTkqFtt4plI="></latexit>



Some (personal) thoughts for future data taking

ISR effective luminosity 
@ 10.58 GeV

Competition with Belle II exists, and

the scan energy points between 4.0 

and 5.6 GeV need to be optimized

We need further scan data samples 

for Ecm=4.00-4.15, 4.43-4.59, 4.90-5.60 GeV, 

and some other energy points around

charmed baryon threshold, such as

ü 4.01 GeV: DsDs
ü 4.6-4.7 GeV: Λ* XΛ*
ü 4.95 -4.97GeV: Y* -Y*

5.4 -5.6 GeV: Z*% -Z*%
吕晓睿 第七届手征有效场论研讨会，南京 46
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Summary

第七届手征有效场论研讨会，南京

• 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

• Cover a large scope of physics topics
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 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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