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Outline

• Y problems 

• Fano-like interference 

• Narrow structure around 4.2 GeV 

• Constructing  family with updated 
data of charmonium-like Y states

J/ψ



Y problems
1. 



Many light hadrons
(1950’s &1960’s)

Quark model
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J/ψ
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hc(1P)

1977 1975 1976
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Most of charmonia listed in PDG were observed 

(1974-1982)
Status of charmonium family
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Cornell potential
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The observed charmonium-like XYZ states
(2003-now)

see review
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Types of hadrons in nature 

• Identifying exotic states is one of the most important 
research issues of particle physics

• The observed XYZ states provide us good platform to 
identify exotic state 
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Y(4260)

BaBar 
PRL95 142001

2005

Y(4630)

Belle 
PRL101 172001

2008

Y(4360)

BaBar 
PRL98 212001

2007

Y(4660)

Belle 
PRL99 142002

e+e− → J/ψπ+π− e+e− → ΛcΛ̄ce+e− → ψ (3686)π+π−

Y(4220)

2017

BESIII 
PRL118 092001

e+e− → J/ψπ+π−

BESIII 
PRL118 092002

X(4320)

X(4390)e+e− → ψ (3686)π+π−

e+e− → J/ψπ+π−

Belle 
PRL99 182004

Y(4008)

 annihilatione+e−

year

e+e− → hcπ+π−
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BESIII White paper 
“The Y problem”



Fano-like interference
2. 



BaBar

PRL 95:142001 (2005) Y(4260)

No evidence of 
Y(4260) in R scan 

data and open-
charm decay 

channels

PDG Puzzle!
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Theoretical explanations

Exotic state
Charmonium hybrid     

Zhu, Kou&Pene, Close&Page 
Diquark-antidiquark state 

Maiani&Riquer&Piccinini&Polosa 
Ebert&Faustov&Galkin 

Molecular state  
Liu&Zeng&Li, Yuan&Wang&Mo, 

Qiao,Ding,Torres&Khemchandani&Gamerma
nn&Oset, Close&Downum&Thomas 

Charmonium hybrid state with 
strong coupling with DD1 and 

DD0 
Kalashnikova &Nefediev

The lack of signal in certain 
channels also poses a serious 
challenge to a number of the 
explanations proposed in the 
framework of an exotic state

Difficulty

Conventional 
charmonium

4S-3D vector charmonium 
Lanes-Estrada 

23D1 state decay behavior 
Eichten&Lane&Quigg 

Mass spectrum Y(4260) 
≠charmonium  

Segovia&Yasser&Entem&Fernandez 

Screened potential Y(4260) =Ψ(4S) 
Li&Chao

Difficulty
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PRD77,011103(2008) 

PRL100,062001(2008) 

PRL98, 092001 (2007) 

PRL101,172001(2008) 

DD*π arXiv:0908.0231 

No evidence of Y(4260) in 
R scan data and open-
charm decay channels
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• Asymmetric Y(4260) structure can be reproduced by Fano-like 
interference picture

Chen, He, Liu, PRD83 (2011) 05402 
Chen, He, Liu, PRD83 (2011) 074012 

Chen, Liu, Matsuki, PRD93 (2016) 014011
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Continuum Charmonium

Interference

Non-resonant picture of Y(4260)

• Explain why  and  
signals are missing in data 

• Naturally understand why no 
evidence of Y(4260) in R scan data 
and the open-charm decay 
channels

ψ(4160) ψ(4415)

Success:



PRL 98:212001 (2007)
Y(4360)

PRL 99:142002 (2007)
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No evidence of Y(4260)/Y(4360) 
in the obtained open-charm 
process and R-value scan
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The 
situation 

of Y(4360) 
is similar 
to that of 
Y(4260)



Fano interference effect also plays 
resonance killer to Y(4360)

Chen, He and Liu, PRD 83:074012 (2011)
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Data from two experiments

• BaBar: PRL 98, 212001 (2007)

• Belle:    PRL 99:142002 (2007) 



In 2017, BESIII gave more precise data of e+e− → J/ψπ+π−

16

Y(4260) Y(4220) + Y(4330)



Fano-like interference 
picture plays 

resonance killer to Y(4330)

Introducing a narrow structure Y(4220) and considering Fano-like 
interference picture can reproduce the data well!

What is Y(4220)?
17

Resonance parameter

Chen, Liu, Matsuki, EPJC 78:136 (2018)



Y(4220)+Y(4390)

18

More Y structures 
are reported!

How to explain 
them?



Only Y(4220) is left

19

m = (4211 ± 6) MeV

Γ = (47 ± 13) MeV

from our fit



Summary of Y states from 
electron and positron annihilations

Y(4008)

Y(4260)

Y(4360)

Y(4660)
Y(4630)

Y(4008)

Y(4220)

Y(4320)

Y(4390)

Y(4660)
Y(4630)

Belle PRL99:182004 BaBar PRD86:051102

Inference effect

e+e− → J/ψπ+π−

e+e− → ψ(2S)π+π−

e+e− → Λ+
c Λ−

c



Summary of Y states from 
electron and positron annihilations

Y(4008)

Y(4260)
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Y(4660)
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Y(4008)
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Belle PRL99:182004 BaBar PRD86:051102

Inference effect
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e+e− → Λ+
c Λ−
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Summary of Y states from 
electron and positron annihilations

Y(4220)

Y(4660)
Y(4630)



Narrow structure around 4.2 GeV
3. 



 as 4S state was proposed here
Is it a correct assignment?

ψ(4415)

24

1980



1995



The predicted ψ(4S) and its property
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ϒ family

EPJC74 (2014) 3208

The similarity between J/ψ and Y families

The predicted mass of ψ(4S) 
should be located at 4263 MeV 

The screening potential prediction of ψ(4S) mass:
• 4273 MeV Li&Chao PRD79, 094004 (2009) 
• 4247 MeV Dong et al., PRD49, 1642

Consistent

A narro
w state!

Open-charm decay behavior

26
Y(4220)= ψ(4S)?

Due to node effect! 
The predicted charmonium ψ(4S) has 

very narrow width around 6 MeV

2014
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 and  are not e+e− → χc1ω e+e− → χc2ω

e+e−→χc0ω

M = 4230 ± 8 MeV  Γ=38 ±12 MeV

The observation of e+e−→χc0ω from BESIII 

If taking the mass of ψ(4S) 
to be 4230 MeV (Expt.), we 
find:
• ψ(4S)→χc0ω is allowed
• ψ(4S)→χc1ω and ψ(4S) 
→χc2ω are forbidden 
kinematically

Explain why only 
 was 

reported by BESIII 
e+e− → χc0ω

BESIII, Phys. Rev. Lett. 114, 092003 (2015)
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Our theoretical result overlaps with the experimental data in a 
reasonable parameter range of 2.6 < αΛ < 4.0 and 1.83 < R < 2.17 

e+e− → ωχc0 observation can be understood through introducing 
the predicted ψ(4S ) contribution 

• Coupled-channel effect
• Non-perturbative properties 

of QCD
• Hadronic loop is an effective 

description for this effect
Chen, X. Liu, Matsuki, PRD91 (2015) 094023
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The total cross section can be described by

Experimental data

Resonance parameter:

30

2016



By introducing ψ(4S), the branching ratio B(ψ(4S) →ψ(2S)π+π-) 
resulting from meson-loop contributions overlaps with the upper 

limit, 3×10-3, obtaining by fitting the cross section for e+e-→ψ(2S)π+π- 

Chen, X. Liu, Matsuki, PRD93, 034028 (2016)
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Combined fit to e+e− → ψ(2S)π+π−, hcπ+π−, χc0ω

Resonance parameter:

Chen, X. Liu, Matsuki
PRD93, 034028 (2016)

32





If Y(4220) narrow is ψ(4S), Y(4220) should be 
observed in open-charm decay channel!  

34

PRL 122 (2019)102002 M = 4228.6 ± 4.1 ± 5.9MeV
Γ = 77.1 ± 6.8 ± 6.9MeV



The pentaquark event shows that we are still 
far from understanding the nature of QCD

Borrowed from Li-Ming Zhang’s talk at PhiPsi2015
35



The observation of pentaquark Pc(4380) and Pc(4450)

36
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The status of Charmonium family shows our poor 
understanding of QCD non-perturbative behavior

Y(4220) is a key point



Constructing  family with updated 
data of charmoniumlike Y states

J/ψ
4. 





The present situation of charmonium family @2019



Depicting the mass spectrum with unquenched 
potential model

The linear confining  including in the potential is modified as  br + c

H̃ = (p2 + m2
c )1/2 + (p2 + m2

c̄)1/2 + Ṽeff(p, r)

Sscr(r) =
b(1 − e−μr)

μ
+ c Screening potential

• We need to reproduce the 
masses of these observed states 

• Y(4220) is an important scaling 
point





Introducing 4S-3D mixing scheme

Our calculation supports this scenario



Predicting ψ(4380) the partner of Y(4220)

• The total width of ψ(4380) has a 
significant enhancement 

• There exists sizable enhancement of 
ψ(4380) → DD2(2460)



The experimental evidence for the prediction ψ(4380)
ψ(4160) + ψ(4415) + Y(4220)+ψ(4380)



Proposing 5S-4D mixing scheme

Experimental result
Consistent



We still need more precise data of the  
resonance parameter of ψ(4415)



Summary

• Y states from  annihilation may play 
important role to construct higher 
charmonia 

• Full of opportunity and challenge 

• More theoretical and experimental efforts

e+e−



Thank you for your 
attention 


