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n2S+1LJ

JPC

P = (−1)L+1

C = (−1)L+S
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Discovery of Y States

Y(4260), discovered in ISR process at BaBar,  

๏ Confirmed by CLEO and Belle 

๏ Mass > 4 GeV, above  threshold  

๏ Not observed in inclusive hadron cross section 

๏ Not observed in open charm pair cross section 

Later, Y(4360) was discovered at BaBar, Y(4660) was discovered  
at Belle, both in  process

e+e− → γISRπ+π−J/ψ

DD̄

e+e− → γISRπ+π−ψ(2S)
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BESIII Data Samples
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46 sample, ~22 fb-1 + Small scan sample, ~2.5 fb-1
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Investigated by measuring the cross section as a function of c.m.s σ( s)

3.8 4 4.2 4.4 4.6 4.8 50

20

40

60

80

100

(p
b)

σ

ψJ/-π+π

3.8 4 4.2 4.4 4.6 4.8 50

10

20

30

40

50

(p
b)

σ

(3770)ψ-π+π

3.8 4 4.2 4.4 4.6 4.8 5
(GeV)s

0

2

4

6

8

(p
b)

σ

ψJ/-K+K

3.8 4 4.2 4.4 4.6 4.8 50

20

40

60

80

100

(p
b)

σ

ch-π+π

3.8 4 4.2 4.4 4.6 4.8 50

2

4

6

(p
b)

σ

]
c1
χγ(3823)[

2
ψ-π+π

3.8 4 4.2 4.4 4.6 4.8 5
(GeV)s

0

1

2

3

(p
b)

σ

ψJ/0
SK

0
SK

3.8 4 4.2 4.4 4.6 4.8 50

20

40

60

80

100

(p
b)

σ

(3686)ψ-π+π

3.8 4 4.2 4.4 4.6 4.8 50

10

20

30

40

50

(p
b)

σ

cη
0π-π+π

3.8 4 4.2 4.4 4.6 4.8 5
(GeV)s

0
2
4
6
8
10

(p
b)

σ

(3900)cZ0π

๏ Hidden charm processes ๏ Open charm processes ๏ Light hadron processes
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Summary of CS Measurements at BESIII



Yuping Guo (Fudan University) @ HAPOF, 2024.1.19

Investigated by measuring the cross section as a function of c.m.s σ( s)
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๏ Hidden charm processes ๏ Open charm processes ๏ Light hadron processes
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Summary of CS Measurements at BESIII
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Investigated by measuring the cross section as a function of c.m.s σ( s)

๏ Hidden charm processes ๏ Open charm processes ๏ Light hadron processes
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Investigated by measuring the cross section as a function of c.m.s σ( s)
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Investigated by measuring the cross section as a function of c.m.s σ( s)
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Investigated by measuring the cross section as a function of c.m.s σ( s)
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PRD106, 
072001 (2022)

PRD104, 052012 (2021)

π+π−J/ψ

π+π−ψ(2S)

ωχc0
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Mass and width from different process

determined with BW parameterization 
consider possible interference 
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Update of K+K-J/ψ Cross Section
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arXiv: 2310.03361
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๏ ML fit with coherent sum of three BWs and a continuum term ( ) 

๏ Mass:  MeV; Width:  MeV 

๏ Take  to be ~0.63-0.66 keV,  
 or 

Φ( s)e−p0up1

4219.7 ± 2.5 ± 4.5 80.7 ± 4.4 ± 1.4

Γee ℬ[ψ(4230) → ηJ/ψ) =
(6.06 ± 0.76 ± 0.17) × 10−3 (18.89 ± 1.75 ± 0.90) × 10−3
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Mass and width from different process
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PRD104, 092001 (2021)

γχc2

ℬ[ψ(4040) → γχc2] = (8.0 − 15.6) × 10−4

ℬ[ψ(4160) → γχc2] = (4.4 − 14.2) × 10−4

potential model: ∼ 10−7

๏ ML fit with , , and coherent  sum of three BWs 

๏ Continuum contribution is not significant (< ) 

๏ Mass:  MeV 

๏ Width:  MeV

ψ(3686) ψ(3770)

1σ

4371.7 ± 7.5 ± 1.8

51.1 ± 17.6 ± 1.9

2.0σ
4.6σ 5.8σ
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Mass and width from different process

PRD106, 052012 (2022)
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๏  fit;  Mass:  MeV; Width:  MeVχ2 4371.6 ± 2.5 ± 9.2 167 ± 4 ± 29

π+π−D+D̄− BW BW+BW

BW+PHSP BW+BW+PHSP

χ2/ndf = 77.8/34

χ2/ndf = 46.1/30 4.7σ

χ2/ndf = 59.9/32 3.8σ
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Mass and width from different process

π+π−ψ2(3823)

PRL 129, 102003 (2022)

4.15 4.2 4.25 4.3
)2M (GeV/c

0

0.1

0.2

 (G
eV

)
Γ

(4160) PDG2022ψ Y(4260) PDG2016
ψJ/ππY(4220)- chππY(4220)-
(3686)ψππY(4220)-

c0
χωY(4220)-

ψJ/ηY(4220)- cηπππY(4220)-
ψ-KKJ/1Y cZ0πY-

DD*πY(4220)- D*D*π-1Y
*s*Ds-D1Y  X(3872)γY(4200)-

4.3 4.4 4.5
)2M (GeV/c

0

0.1

0.2

0.3

 (G
eV

)
Γ

(4415) PDG2022ψ Y(4360) PDG2016
ψJ/ππY(4320)- chππY(4390)-

(3686)ψππY(4360)- ψJ/ηY(4360)-
X(3823)ππ-1Y ψ-KKJ/2Y

c2
χγY- D*D*π-2Y

*s*Ds-D2Y  DDππY-

4.6 4.7 4.8
)2M (GeV/c

0

0.1

0.2

0.3

 (G
eV

)
Γ

Y(4660) PDG2022 (3686)ψππY(4660)-

X(3823)ππ-2Y ψ-KKJ/3Y

D*D*π-3Y *s*Ds-D3Y

c2
χφY-

Slightly favor two-BW hypothesis 

1.7σ
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Mass and width from different process
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๏ A 5S-4D mixing state (J. Z. Wang et al. PRD99, 114003 (2019) [Width 2  larger] 

๏ A heavy-antiheavy hadronic molecule (X. K. Dong et al. Prog. Phys. 41, 65 (2021)) 

๏ A  state from LQCD (T. W. Chiu et al. PRD73, 094510 (2006)) 

๏ Indication in  process 

๏ Assuming structures in  and  are  
the same, ~102,  
inconsistent with hidden-strangeness tetraquark  
nature (F. Z. Peng et al. PRD107, 016001 (2023))

σ

csc̄s̄

ππJ/ψ

KKJ/ψ πD*D̄*
B[Y → πD*D̄*]/B[Y → KK̄J/ψ]

Y(4500)
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K+K−J/ψ

PRL130, 121901 (2023)

PRD106, 072001 (2022)

π+π−J/ψ

Mass and width from different process

PRL131, 211902 (2023)

CPC46, 111002 (2022)
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ΛcΛ̄c

π+π−ψ(2S)

PRD104, 052102 (2021)

PRL131, 191901 (2023)

Single Tag and Double Tag to 
improve precision

Mass and width from different process
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Mass and width from different process
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PRL130, 121901 (2023)

π+π−ψ2(3823)

PRL 129, 102003 (2022)

๏ Mass:  MeV 

๏ Width:  MeV 

๏ : 19.4-2005.3 eV

4675.3 ± 29.5 ± 3.5

218 ± 72.9 ± 9.3

ΓeeB

๏ Mass:  MeV 

๏ Width:  MeV 

๏ : 0.06-0.24 eV

4647.9 ± 8.6 ± 0.8

33.1 ± 18.6 ± 4.1

ΓeeB
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e+e− → π+π−X(3842) → π+π−D+D−

4680 4600-47004.2σ

c.s.: ~1 pb

PRD106, 052012 (2022)
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Mass and width from different process
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ML fit to the cross section with BW or coherent sum of BW and continuum  

๏ Free BW:  MeV,  MeV 

๏ One BW assumption over continuum:  

๏ Fix BW parameters to , get comparable fit quality 

๏ Free BW + continuum term:  MeV,  MeV 

๏ Significance of resonance term: ;  over one Free BW fit

4672.7 ± 10.8 ± 3.9 93.2 ± 19.8 ± 9.4

3.1σ

ψ(4660)

4710.8 ± 10.9 ± 2.7 30.50 ± 22.33 ± 14.6

3.6σ 2.3σ

IHEP01 (2023) 132
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Precise c.s. measurement 
stat. only

D*s D̄*s

> 6σ

PRL131, 211902 (2023)

K+K−J/ψ
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New Structure above 4.7 GeV?
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PRL131, 211902 (2023)

K+K−J/ψ

๏ ML fit with coherent  sum of three BWs 

๏ The three-resonance assumption over two is  

๏ PHSP term is not significant,  

๏ Mass:  MeV 

๏ Width:  MeV 

๏ Could have significant hybrid component (N.Brambilla  et 
al. PRD107, 054034 (2023), mass higher, consistent with err.) 

๏ Or excited charmonium ( PRD 77, 014033 (2008), PRD 90, 
054001 (2014), PRD 95, 034026 (2017), PRD 98, 016010 (2018), 
EPJA 58, 219 (2022), AHEP 2021, 9991152 (2021)) 

๏ Or from charmonia mixing ( Z.J.Wang and X. Liu, PRD 107, 
054016 (2023))

5.7σ

Δ(−2 ln L) = 1.2

4708+17
−15 ± 21

126+27
−23 ± 30
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K0
SKπ

PRD 99, 072005 (2019)

2.5σ

2.2σ

ϕη′￼

PRD 107, 072003 (2023)

More than 30 modes, no evident resonances observed (mostly <3 )σ

2(pp̄)

PRD103, 052003 (2021)

1.7σ

2(π+π−)π0

PRD104,112009 (2021)

3.6σ

Light Hadron Process 
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ΛΛ̄η
PRD107, 112001 (2023)

PRD104,052006 (2021) ϕΛΛ̄

ωπ+π−

JHEP08(2023)159

3.9σ
3.0σ

1.3σ
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Non-DD Decay of ψ(3770)
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ηJ/ψ

PRD107, L091101 (2023)

7.9σ 8.3σ
 pbσB = (8.88 ± 0.87 ± 0.42)

CLEO result: 3.5  σ
(8.7 ± 3.3 ± 2.2) × 10−4

interference  between , continuum, and Y statesψ(3770)



Yuping Guo (Fudan University) @ HAPOF, 2024.1.19 29

Non-DD Decay of ψ(3770)

ϕη′￼

PRD108, 052015 (2023)

K0
S K0

L

arXiv:2312.10962v1> 10σ
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Non-DD Decay of ψ(3770)
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4.6σ 4.5σ

Two more data samples around  this year! 

500/pb for each point

ψ(3770)
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Future Data Samples

Pentaquark:  4.86 GeV  -  threshold;   4.97 GeV -  thresholdpp̄ηc pp̄J/ψ
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Summary

Properties of vector states have been investigated using various processes, including hidden 
charm, open charm, and light hadronic final states 

๏ Y(4230) is seen in 10 decay modes 

๏ Rich structures in the cross section line shapes above 4.3 GeV, more data samples are needed around 4.5 GeV 
and 4.7 GeV 

๏ No evident structure is seen in light hadron process 

๏ Hard to get a unified picture with current used strategy [use simply formula to fit cross section], require joint 
effort/better modeling  combined fit with K-matrix?  

๏ Interference effect need to be considered properly

⇒
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Thank You!


