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• Introduction to BESIII experiment  

• Selected highlights of BESIII results related to spectroscopy 

• Charmonium spectroscopy 

• Charmonium states 

• Charmonium-like states 

• Light meson spectroscopy 

• Prospects and summary

Outline
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BEPCII and BESIII

3

Linac

Storage Ring

BESIII  
Detector

BEPCII: -charm factory 

Beam Energy: 1-2.3 (2.45) GeV 

Lumi:   (achieved 2016) 

BEPCII upgrade & 
BESIII construction: 2004-2008 

BESIII physics run: 2009-now

τ

1 × 1033 cm−2s−1

BESIII Detector Solenoid Magnet: 0.9/1.0 T

TOF: 
: 80 ps - barrel 

      110 ps (60 ps) - endcap 
σT

MDC: 
: 130 m  

: 0.5% @ 1 GeV 

: 6%

σxy μ
σp /p
dE /dx

MUC: 
: 2 cm σRΦ

EMC: 
 @ 1GeV: 2.5% - barrel 

  5.0% - endcap 
: 0.6 cm/

ΔE /E

σz E

Acceptance: 93% 4π

NIM A614, 345 (2010)



Y. P. GUO/Fudan University STRONG2020/University of York

Data Samples
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XYZ Scan Sample
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6 52. Plots of Cross Sections and Related Quantities

R in Light-Flavor, Charm, and Beauty Threshold Regions
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Figure 52.3: R in the light-flavor, charm, and beauty threshold regions. Data errors are total
below 2 GeV and statistical above 2 GeV. The curves are the same as in Fig. 52.2. Note: CLEO data
above Ã (4S) were not fully corrected for radiative e�ects, and we retain them on the plot only for
illustrative purposes with a normalization factor of 0.8. The full list of references to the original data
and the details of the R ratio extraction from them can be found in [100]. The computer-readable
data are available at http://pdg.lbl.gov/current/xsect/. (Courtesy of the COMPAS (Protvino) and
HEPDATA (Durham) Groups, August 2019.)

21st May, 2020 7:49pm

Direct production 
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Figure 52.3: R in the light-flavor, charm, and beauty threshold regions. Data errors are total
below 2 GeV and statistical above 2 GeV. The curves are the same as in Fig. 52.2. Note: CLEO data
above Ã (4S) were not fully corrected for radiative e�ects, and we retain them on the plot only for
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Hadrons and Exotic Hadrons
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+ … Exotic Signature: 

Exotic quantum numbers: JPC=0--, 0+-, 1-+, 2+-, … 

OR clear non-conventional-hadron signature 
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• Evidence of  from Belle experiment in  

•   events,  

•  MeV,  MeV 

• Observed by BESIII experiment in  

• Scan data sample at  GeV,  

•  MeV,  MeV 

• Decays of  to , , ,  have  
been predicted by various theoretical work 

•  keV,  keV 

                                

•  keV 

ψ2(3823) B → (ψ2(3823) → γχc1)K
772 × 106 BB̄ 3.8σ

M = (3823.1 ± 1.8 ± 0.7) Γtot < 24

e+e− → π+π−ψ2(3823), ψ2(3823) → γχc1

s = 4.23, 4.26, 4.36, 4.42, 4.60 6.2σ

M = (3821.7 ± 1.3 ± 0.7) Γtot < 16

ψ2(3823) γχc2 π+π−J/ψ ggg γgg

Γψ2(3823)→γχc1
∼ 200 − 350 Γψ2(3823)→γχc2

∼ 40 − 90

Γψ2(3823)→γχc2
/Γψ2(3823)→γχc1

∼ 0.19 − 0.32

Γψ2(3823)→ππJ/ψ ∼ 45 − 200

Γψ2(3823)→π+π−J/ψ /Γψ2(3823)→γχc1
∼ 0.12 − 0.39

Phys.Rev.D 79, 094004(2009)

 States - 13D2 ψ2(3823)

7

Phys.Rev.Lett. 111, 032001(2013)

Phys.Rev.Lett. 115, 011803(2015)

Phys.Rev.D 55, 4001(1997) Phys.Rev.Lett. 89, 162002(2002)

Phys.Rev.D 67, 014027(2003) Phys.Rev.D 69, 054008(2004)

Phys.Rev.D 94, 034005(2016) Front.Phys. 11, 111402 (2016)

arXiv:1510.08269

Phys.Rev.D 72, 054026(2005)
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• 9 fb-1 scan data sample between =4.3 and 4.7 GeV 

• , study of the decays of , , , 

s

e+e− → π+π−ψ2(3823) ψ2(3823) → γχc0,1,2 ππJ/ψ ηJ/ψ π0J/ψ

New Decay Modes of ψ2(3823)

8

11.8σ
3.2σ

consistent with theoretical prediction

Phys.Rev.D 103, L091102(2021)

Lower then  
prediction 
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4.3σ

• 9 fb-1 scan data sample between =4.3 and 4.7 GeV 

• Search for  with  

•  

• Search for  

• Not found in any decay modes 

s

e+e− → π0π0ψ2(3823) ψ2(3823) → γχc1

σ[e+e− → π0π0ψ2(3823)]
σ[e+e− → π+π−ψ2(3823)]

= 0.64+0.22
−0.20 ± 0.05

e+e− → π+π−ψ3(3842)

New Decay Modes of ψ2(3823)
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Phys.Rev.D 103, L091102(2021)

 candidate 

Found by LHCb in 2019

ψ3(13D3)

Nsig = 15.9+5.1
−4.4
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• First observation in  process 

• Mass:  MeV 

           very close to  mass threshold  

                              [  MeV] 

• Width:  MeV [BW Width] 

•  JPC = 1++ 

• Production:  decays,  decays,  decays,  

                      collision,  collision,  collision,  

                     radiative transition,  process 

• Decay: , , , ,  

            , [?]

B± → K±π+π−J/ψ

(3871.65 ± 0.06)
DD̄ *

(3871.69 ± 0.01)

(1.19 ± 0.21)

B Bs Λb

pp̄ pp PbPb

e+e− γγ*

D0D̄*0 π+π−J/ψ π+π−π0J/ψ π0χcJ

γJ/ψ γψ(2S)

X(3872)

10

PDG2020, Dominant by LHCb result: JHEP 2008 123

Phys.Rev.D 102, 092005 (2020)

Phys.Rev.Lett. 91, 262001 (2003)

:   N sig 36 ± 7
10.3σ

Phys.Rev.Lett. 110, 222001 (2013)

:  N sig 79 ± 9

Phys.Rev.Lett. 122, 232002 (2019)

Phys.Rev.Lett. 112, 092001 (2014)
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• First states Y(4260), discovered in ISR process at BaBar 

• Not observed in inclusive hadron cross section  

• Not observed in open charm pair cross section  

• Confirmed by CLEO and Belle experiment  

• Y(4360) and Y(4660) discovered in similar process

Y States

12

BES

Phys.Rev.Lett. 95, 142001 (2005)

Phys.Lett.B 660, 315 (2008)

Phys.Rev.Lett. 110, 252002 (2013) Phys.Rev.D 91, 112007 (2014)

Phys.Rev.D 86, 051102 (2012)
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Phys.Rev.Lett. 101, 172001 (2008)
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New Information about Y(4660)
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• Precision of BESIII measurement much 
higher than B-factories 

• Parameterization of the cross section 
line-shape is a challenge task 

• Data sample from  = 4.7 GeV to 4.95 

GeV taken in 20-21-run-period

s

χ2 = 31.0/20
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• Enhancement just above 4.6 GeV observed at Belle experiment in 

 process, evidence seen in  process 

• , ,  studied at BESIII 

• Clear  signal in data, no significant resonance structures in cross section line-shape

e+e− → D±
s Ds1(2536)∓ e+e− → D±

s D*s2(2573)∓

e+e− → D*±
s D*∓

s0 (2317) D*±
s Ds1(2460)∓ D*±

s Ds1(2536)∓

D*s DsJ

 Cross Section Around 4.6D*s DsJ

15

Phys.Rev.D 100, 111103 (2019) Phys.Rev.D 101, 091101 (2020)
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courtesy from Y. Z. Yuan

Phys.Rev.D 104, 032012 (2021)

1.4σ 7.1σ 3.6σ 5.6σ 1.2σ 4.7σ

1.2σ 6.1σ

3.4σ

4.9σ 11.0σ

10.1σ

2.7σ 5.8σ

7.0σ



Y. P. GUO/Fudan University STRONG2020/University of York

 StatesZc

16

• Produced in  annihilation or -flavor hadron decays 

• Typically in h+charmonium final states 

• Intrinsic nature unclear, exotic states? kinematic effects?

e+e− b
Spin-parity and Argand plot;  

Production mechanism;  

More decay modes; Partner states;… 

first/2008

3.4σ
3.5σ

State M (MeV/c
2
) � (MeV) J

PC
Process Experiment

Zc(3900)
(±,0)
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+�

e
+
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� ! ⇡

(+,0)
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e
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 StatesZc

17

Zc(3900)/Zc(3885) Zc(4020)/Zc(4025)

e+e− → π+π−J/ψ e+e− → π+π−hc

e+e− → π+(DD̄*)−

4260

4260

4230 
4260 
4360

e+e− → π+(D*D̄*)−

4260

Seen in both charged and neutral modes

PRL110, 252001 (2013)

PRL115, 112003 (2015) 
PRL115, 222002 (2015) 
PRL113, 212002 (2014) 
PRL115, 182002 (2015)

New decay modes 
searched with 

, 

, , 

and  processes,  no 
signal observed in all cases 

Zc(4020) → γX(3872)
Zc → πηc Zc → ηηc

Zc → πχcJ

PRL112, 132001 (2014)

PRL111, 242001 (2013)

PRL112, 022001 (2014)

PRD104, 012001 (2021) 
PRD103, 032004 (2021) 
PRD103, 032006 (2021) 
PRD103, 052010 (2021)
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•  

• 3.7 fb-1 data at 4628, 4640, 4660, 4680, and 4700  

• Partial reconstruction of the process, tag  and  

•  reconstructed with  [  or ] and 

e+e− → K+(D−
s D*0 + D*−

s D0)

K D−
s

D−
s K+K−π− ϕπ K*K K0

S K−

Observation of Zcs(3985)

18

Phys.Rev.Lett. 126, 102001 (2021)
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• Both decay modes can survive the selection 

• Combinatorial background described by wrong sign (WS) events 

• Absolute contribution in signal region determined from a fit to RM(K+D−
s )
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Observation of Zcs(3985)

19

• An enhancement around 3.98 GeV 

• Cannot be described by  and 
 or interference between two of 

them 
• Assume JP= 1+ 
• Simultaneous fit to five data samples 
• Signal component:  

 
 

 represents the fraction of the two 
decay modes 

• Pole position: 

• Significance: 5.3  

• At least four quarks ( )
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Phys.Rev.Lett. 126, 102001 (2021)
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  and Zcs(3985) Zcs(4000)
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Phys. Rev. Lett. 127, 082001 (2021)

=4.681 GeV 
BESIII

s

Phys.Rev.Lett. 126, 102001 (2021)

: 

• JP=  

•  MeV/  

• =  MeV

Zcs(4000)

1+

m = 4003 ± 6+4
−24 c2

Γ 131 ± 15 ± 26

: 

•  MeV/  

• =  MeV

Zcs(3985)

m = 3985+2.1
−2.0 ± 1.7 c2

Γ 13.8+8.1
−5.2 ± 4.9

Mass consistent within 1  

Width differs significantly

σ

Studies in  system from  decay and 

 system from  annihilation are needed!

DsD* + D*s D B
K+K−J/ψ e+e−

No clear structure from Belle study in e+e− → KK̄J/ψ
PRD89, 072015 (2014)
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X( ) in  

• First observed at BESII, confirmed at BESIII 
with higher significance using PWA (FSI 
considered) 

• Mass:  MeV 

• Width:  MeV   
• JPC: 0-+

pp̄ J/ψ → γpp̄

(1832+19
−5

+18
−17 ± 19)

< 76

Structures Around M(pp̄)

21

Phys.Rev.Lett. 108, 112003 (2012)

X(1835) in  

• First observed at BESII, confirmed at BESIII 
experiment with higher significance  

• Mass:  MeV 
• Width:  MeV   

• JPC:  agrees with expectation of 0-+ 

• Also observed in , JP=0-

J/ψ → γπ+π−η′ 

(1836.5 ± 3.0+5.6
−2.1)

(190 ± 9+38
−36)

|cosθγ |

J/ψ → γKSKSη

0.2Billion J/ψ

Phys.Rev.Lett. 106, 072002 (2011)

0.2Billion J/ψ

X(2120) X(2370)

Phys.Rev.Lett. 115, 091803 (2015)
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•  
•  and X(1835) consider coherently 

• X(1835): JPC=0-+, sizeable  component

J/ψ → γγϕ
η(1475)

ss̄

•   

• Model I: Flatte line-shape with strong 
coupling to  and narrow BW at 1920 
MeV 

• Model II: Two-coherent BWs, 
X(1835)+X(1870) (7 )

J/ψ → γπ+π−η′ 

pp̄

σ

22

Structures Around M(pp̄)
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Phys.Rev.Lett. 117, 042002 (2016)

Phys.Rev.D 97, 051101(R) (2018)

f1(1285)

, 13η(1475) σ

X(1835), 6.3σ

•  
• No obvious X(1835) signal  

•

J/ψ → ωπ+π−η′ 

B[J/ψ → ωX(1835) → ωπ+π−η′ ] < 6.2 × 10−5

 1.3 B  eventsJ/ψ

Phys.Rev.D 99, 071101 (2019)



Y. P. GUO/Fudan University STRONG2020/University of York

Summary and Outlook

23

• Unique data samples at BESIII provide good opportunity for spectroscopy study 

• 10B  events, 2.7B  events for light hadron spectroscopy study through 
radiative and hadronic transition processes 

• X(18xx) around  threshold 

• Glueballs: 0++ in 1.5-1.7 GeV; 2++ in 2.3-2.4 GeV; 0-+  in 2.3-2.6 GeV 

• /Y(2175) 

• Scan data sample between 4.0 to 4.95 GeV 

• Study of excited charmonium states: decay modes of  

• Charmonium-like states: decay modes of X(3872); high precision measurement of cross 

section for study of Y states; decay modes of  states and observation of new  states 

•  More results will full data set are ongoing, more exciting results are expected

J/ψ ψ(2S)

pp̄

ϕ(2170)

ψ2(3823)

Zc Zcs
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BESIII Collaboration
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~500 members from 80 institutes in 17 countries
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• Connection between  states and  states in molecule picture 

• Branching fraction of  and  

of several per mille level 

Zc X

Zc(4020)0 → γX(3872) Zc(4020)± → π±X(3872)

Zc(4020) → γX(3872)

25

PRD99, 054028 (2019)
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e+e− → π0Zc(4020)0[ → γX(3872)]
ℬ[Zc(4020)0 → γX(3872)] ⋅ ℬ[X(3872) → π+π−J/ψ]

ℬ[Zc(4020)0 → (D*D̄*)0]
< 0.24 %

at 4230

Do not contradict with theoretical prediction!
PRD104, 012001 (2021)



Y. P. GUO/Fudan University STRONG2020/University of York

•  

•  data between 4.23 and 4.60 GeV 

• No signal for  [also apply for  search] 

•  at C.L.

e+e− → ηcηπ+π−

4.1 fb−1

ηcηπ+π− Zc

σup < 6.2, 10.8, 27.6, 22.6, 23.7 pb 90 %

 and Zc → πηc ηηc
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•  observed at 4230, 

used to study 

e+e− → ηcπ+π−π0

Zc → ηcπ
±,0

1.9σ

4.6σ

3.2σ

1.9σ

2.1σ

0.7σ

•  in search of  close to e+e− → ηcπ+π−π0, ηcπ+π−, ηcπ0γ Zc m(DD̄)

7.3 fb−1

PRD103, 032006 (2021) 
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•  in search of  close to e+e− → Zc[ → ηcπ
±,0]ππ Zc m(DD̄)

 and Zc → πηc ηηc
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No obvious signal of  

Upper limit of cross section also apply for 

e+e− → π+π−χcJ

Zc → π±χcJ

•  and  in  from  decays 

•  and  from  annihilation at BESIII

Zc(4050) Zc(4250) π±χc1 B

Zc(3900) Zc(4020) e+e−

Zc → π±χcJ
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