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Objectives
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Direct production and/or decay 
of an exotic non-vector state (X)

 production of an exotic 
vector state decaying into a 
vector quarkonium and light 

hadrons

e+e−

Production of a non-vector 
quarkonium state in  

annihilation through a two-
photon itermediate state

e+e−
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Objectives
1. A study of XYZ charmonium-like states using a dispersive formlism 

Analysis of the new data of  at BESIII 

PWA of the full BESIII  data using dispersive techniques and determination of the spin and parity 
of the  

PWA of the full BESIII data samples of the  at cms energies of 4.23 and 4.26 GeV 

2. Radiative transitions of vector charmina and bottomina using light-by-light sum rules 

3. Production of non-vector resonances in  annihilation via two-photon production  

Energy scan around the  resonance and feasibililty studies for XYZ scans

e+e− → ππhc

e+e− → ππhc
Zc(4020)

e+e− → ππ(KK̄)J/ψ

e+e−

χc2

4
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Hadrons
Quark Model [1964 by Gell-Mann and Zweig] 

Exotic hadrons:
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Lowest Configuration!

C. Z. Yuan, S. L. Olsen, Nature Reviews Physics 1, 480 (2019)
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Charmonium Spectroscopy
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Beijing Electron Positron Collider II and BESIII
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Linear Accelerator

Storage Ring

BESIII  
Detector

BEPCII: -charm factory 
Beam Energy: 0.92-2.45 GeV 

Lumi:   
Data taking from 2009-
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BESIII Data Samples
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XYZ  Region
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BESIII Data Samples
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46 sample, ~22 fb-1 + Small scan sample, ~3.5 fb-1

Can measure  (CS)  with high precision using direct  annihilation data at BESIIIσ[e+e− → hi] e+e−
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Charmonium Production at BESIII
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Charmonium Production at BESIII
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JPC = 1−−
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Charmonium Production at BESIII
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Vector Charmonium(-like)

JPC = 1−−

π

Zc(3900)/Zc(3885)

e+e− → π+π−J/ψ

Zc(4020)
e+e− → π+π−hc

PRL110, 252001 (2013)
PRL111, 242001 (2013) 
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Charmonium Production at BESIII
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Vector Charmonium(-like)

JPC = 1−−

γ

 =  Nsig 79 ± 9
PRL122, 232002 

(2019)

π

Zc(3900)/Zc(3885)

e+e− → π+π−J/ψ

Zc(4020)
e+e− → π+π−hc

PRL110, 252001 (2013)
PRL111, 242001 (2013) 
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Charmonium Production at BESIII
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Objectives
1. A study of XYZ charmonium-like states using a dispersive formlism 

Analysis of the new data of  at BESIII 

PWA of the full BESIII  data using dispersive techniques and determination of the spin and parity 
of the  

PWA of the full BESIII data samples of the  at cms energies of 4.23 and 4.26 GeV 

2. Radiative transitions of vector charmina and bottomina using light-by-light sum rules 

3. Production of non-vector resonances in  annihilation via two-photon production  

Energy scan around the  resonance and feasibililty studies for XYZ scans

e+e− → ππhc

e+e− → ππhc
Zc(4020)

e+e− → ππ(KK̄)J/ψ

e+e−

χc2
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, hc JPC = 1−+
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Analysis of New Data of e+e− → π+π−hc

The  process was observed by CLEO at =4.17 GeV [ ] 

The process of  was studied by BESIII at  from 3.9 to 4.42 GeV, a charged 
charmonium-like state,  was observed in the  system  

 The cross section of  was measured by BESIII at  from 3.9 to 4.6 GeV, two 
resonant structures were observed 

New data (27 data samples) between =4.18 to 4.95 GeV has been collected by BESIII

e+e− → π+π−hc s 10σ

e+e− → π+π−hc s
Zc(4020) πhc

e+e− → π+π−hc s

s
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PRL118, 092002 (2017)

PRL118, 092002 (2017)

PRL107, 041803 (2011) 

⇒

CPC38, 043001 
(2014)

PRL 111, 242001 (2013) 

PRL 111, 242001 (2013) 

⇒Y(4230)
Y(4390)
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Test of resonance structures:  

Starting with two coherent BWs, add one more BW, two 

more BWs, one more BW and a continuum term 

Check significance of each addtional term 

Baseline model:  

Significance of the third resonance:  

Significance of addtional contribution smaller than  

σdressed = |BW1 + BW2eiϕ2 + BW3eiϕ3 |2

5.4σ

1σ

Analysis of New Data of e+e− → π+π−hc

13

arXiv: 2504.04096
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arXiv: 2504.04096

The cross section betweem 4.3 and 4.45 GeV exhibits a 
plateau-like shape and drops sharply around 4.5 GeV
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Analysis of New Data of e+e− → π+π−hc
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arXiv: 2504.04096

arXiv: 2504.04096
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Analysis of New Data of e+e− → π+π−hc
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arXiv: 2504.04096

Parameters of  consistent with previous 

measurement  and  

Mass of  consistent with , but 

width much broader 

Parameters of  consistent with , 

and a hybrid state 

No obvious resonance structure is found at 

around   

In  mixing scheme, ,  

states are located in this mass region, only 
three stuctures are observed in this mode 

Mass of  compatible with 

R1

ψ(4230)

R2 ψ(4360)

R3 ψ(4500)

ψ(4660)

S − D 4S − 3D 5S − 4D

R2/R3 ψ(3D)

PRD107, 054034 (2023)

PRD99,  114003 (2019)

PRD100,  074016 (2019)

arXiv: 2504.04096
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Objectives
1. A study of XYZ charmonium-like states using a dispersive formlism 

Analysis of the new data of  at BESIII 

PWA of the full BESIII  data using dispersive techniques and determination of the spin and parity 
of the  

PWA of the full BESIII data samples of the  at cms energies of 4.23 and 4.26 GeV 

2. Radiative transitions of vector charmina and bottomina using light-by-light sum rules 

3. Production of non-vector resonances in  annihilation via two-photon production  

Energy scan around the  resonance and feasibililty studies for XYZ scans

e+e− → ππhc

e+e− → ππhc
Zc(4020)

e+e− → ππ(KK̄)J/ψ

e+e−

χc2
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PWA of e+e− → π+π−hc

In 2013,  was observed in  process 

 A search for  in the same decay channel showed a statistical significance of  

Three data samples: 4230, 4260, 4360, with a integrated luminosity of 2.46 

Zc(4020) e+e− → πZc(4020)( → πhc)

Zc(3900) 2.1σ

fb−1

16

PRL 111, 242001 (2013) 

Zc(4020)

Zc(3900)
Mass and width of  determined from fit to 

 

M= 4022.9 0.8 2.7 MeV/  

=7.9 2.7 2.6 MeV 

Quantum number of  not determined

Zc(4020)
M(πhc)

± ± c2

Γ ± ±

Zc(4020)
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Data Samples for PWA

19 data samples from 4.18 to 4.44 GeV 

Purity of the sample:~70%

17
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PWA Formalism
A maximum likelihood fit to data, the negative log-likelihood funtion (NLL) defined as  
 
                                          , 

 
 is the probability to produce event  with a set of four-vector momentum  

, where  is the normalization factor calculated using a PHSP MC sample 

The decay cross section  is written in two set of formalism: covariant tensor formalism and 

helicity formalism

−ln = ∑
i∈sigRG

ln P(xi) − wbkg ∑
j∈sidRG

ln P(xj)

P(xi) i xi = (pπ+, pπ−, pγ, pηc
)

P(xi) =
P(xi)
μMC

=
(dσ/dΦ)i

μMC
μMC

dσ
dΦ

19

B. S. Zou and D. V. Bugg, EPJA 16, 537-547 (2003)

PRD48, 1225(1993), PRD57, 431(1998)
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PWA Formalism

The decay cross section ： 

 

dσ
dΦ

dσ
dΦ

= ∑
mγ*,mγ

ψμ(mγ*) γμ′ ′ 
(mγ) Aμμ′ ′ 

ψ*ν (mγ*) γ*ν′ ′ 
(mγ) A*νν′ ′ 

dσ
dΦ

= ∑
λ*,λ

|A(λγ*, λγ) |2

20

σ, f0(980)

 Zc(3900)
Zc(4020)

Polarization vector of 
the vector meson, 

mγ* = ± 1

Partial wave amplitudes

Polarization vector 
of the photon, 

mγ = ± 1

A(λγ*, λγ) =
n

∑
i=1

giAi(λγ*, λγ), λγ* = ± 1, λγ = ± 1
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Propagator Models
 [parameters fixed]: 

                   ,  

OR using Omnès formalism presented by Viktoriia Ermolina  

 [parameters fixed]:  

                    

:  

                    

Parameters of  fixed to BESIII PWA result; determine the mass and width of  combing all data 

samples above 4.20 GeV

σ/f0(500)

BW(s) =
1

M2 − s − iMΓtot(s)
Γtot = g1

ρππ(s)
ρππ(M)

+ g2
ρ4π(s)

ρ4π(M)

f0(980)

BW(s) =
1

M2 − s − i(g1ρππ(s) + g2ρKK̄(s))

Zc(3900)/Zc(4020)

BW(s) =
1

M2 − s − iMΓtot

Zc(3900) Zc(4020)

21

D. V. Bugg, PLB 572, 1-7 (2003)

BES: PLB 598, 149-158 (2004)

 BES: PLB607, 243-253 (2005)

BESIII, PWA of , arXiv:2505.13222π+π−J/ψ

For data samples with >4.35 GeVs
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Consistency Check of the Formalism

, , 
 with  of  set to 

1−− → π−Z+
c Z+

c → π+hc
hc → γηc JP Zc 1+

22
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Consistency Check of the Formalism

, , 1−− → f0(500)hc f0(500) → π+π−

hc → γηc

23
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Mass and Width of Zc(4020)

24
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From  channele+e− → π+π−hc

Quantum Number of Zc(4020)

25

BESIII Working in Progress
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From  channele+e− → π+π−hc

Quantum Number of Zc(4020)

25

From a coupled-channel analysis of , , and  using 
4400 and 4420 data samples

e+e− → π+π−J/ψ e+e− → π+π−hc e+e− → π+D*0D*−

 over other 
hypotheses  > 5

1+

σ

BESIII Working in Progress

BESIII Working in Progress

BESIII Working in Progress
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Objectives
1. A study of XYZ charmonium-like states using a dispersive formlism 

Analysis of the new data of  at BESIII 

PWA of the full BESIII  data using dispersive techniques and determination of the spin and parity 
of the  

PWA of the full BESIII data samples of the  at cms energies of 4.23 and 4.26 GeV 

2. Radiative transitions of vector charmina and bottomina using light-by-light sum rules 

3. Production of non-vector resonances in  annihilation via two-photon production  

Energy scan around the  resonance and feasibililty studies for XYZ scans

e+e− → ππhc

e+e− → ππhc
Zc(4020)

e+e− → ππ(KK̄)J/ψ

e+e−

χc2

26
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Direct Production of C-even State
Direct production of C-even states go through a process with two virtual photons or neutral current  

The production rate is proportional to the electronic witdh of the state ( ) 

For  state: 

1. Unitarity limit:  eV 

2. Vector Dominance Mpdel:  eV; OR  eV 

3. Non-Relativistic QCD:  eV;  eV 

4. An updated analysis of 1, with interference with background process taken into accout:  eV 

For  state: 

3. NRQCD:  eV;  eV 

4.  eV

Γee

χc1

Γee > 0.04

Γee = 0.46 Γee ∼ 0.1

Γee ∼ 0.1 0.33+0.37
−0.01

Γee = 0.43

χc2

Γee ∼ 0.1 0.13+0.15
−0.01

Γee = 4.2
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 Scan Data Samplesχc1
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Analysis Strategy
Signal process:  ( : 34% ),  ( : 6% ) 

Irreducible background process: ISR production of ( ) 

Validate the description of the ISR background simulated with PHOKHARA generator by using 

High statistics data samples at  and at  GeV, ~3  each 

Off-peak data samples at  and  GeV, ~85  each 

Check  signal by searching for excess (reduction) of events beyond ISR background 

Study of interference pattern by combing the four data samples 

No interference: excess of events at 3rd point (  nominal mass) 

With interference (if as predicted by PRD94, 034033 (2016)): excess of events at 1st and 2nd points, reduction 
at 4th point

e+e− → χc1, χc1 → γJ/ψ Br J/ψ → μ+μ− Br

J/ψ + μ+μ−

ψ(3770) s = 4.178 fb−1

s = 3.581 3.670 pb−1

e+e− → χc1

χc1
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Validated and 2D 
Correction Applied
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 at  Scan Data SamplesM(μ+μ−) χc1
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Determination of Γee(χc1)
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68.3% C. L. Contour

 eVΓee = (0.12+0.13
−0.08) Combined significance: 5.1σ

PRL129, 122001 (2022)
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Scan Around χc2

In 2024, ~120  at  GeV was taken 

If the  is 4.2 eV  significance of signal >5  

pb−1 s = 3.554

Γee(χc2) ⇒ σ
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χc2

3.554 GeV

3.558 GeV

3.560 GeV

H. Czyż, J. H. Kühn, S. Tracz,PRD94, 034033 (2016)

Nsig = 146 ± 39

4σ

Nsig = 79 ± 39

2σ

Without 
Cor.

With 
Cor.

BESIII Working in Progress

BESIII Working in Progress
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Scan Around χc2
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Summary and Outlook
1. A study of XYZ charmonium-like states using a dispersive formlism 

Analysis of the new data of  at BESIII 

PWA of the full BESIII  data using dispersive techniques and determination of the spin and parity 
of the  

PWA of the full BESIII data samples of the  at cms energies of 4.23 and 4.26 GeV 

2. Radiative transitions of vector charmina and bottomina using light-by-light sum rules 

3. Production of non-vector resonances in  annihilation via two-photon production  

Energy scan around the  resonance and feasibililty studies for XYZ scans

e+e− → ππhc

e+e− → ππhc
Zc(4020)

e+e− → ππ(KK̄)J/ψ

e+e−

χc2
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arXiv: 2504.04096

Close to finish the analysis

 published in 2022
part of  data has been taken
χc1

χc2
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 published in 2022
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Thank you!
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