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BESIII data samples for XYZ study

• BESIII can directly generate Y( ) states by  annihilation. 

• BESIII accumulate ~20#b   collision data events from 3.8-4.7 GeV. 

• Search for more Y( ) states, study their properties and new decay modes.
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① The mass and width of Y(4220)	and Y(4360) from the different processes are measured. 
② The measured resonant parameters of the two observed structures are consistent or close. 
③ The intrinsic scenario for the difference on width is still unknown.

Y(4220) Y(4360)&
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e+e− → π+π−J/ψ e+e− → π+π−hc

e+e− → π+π−ψ(3686)

Y(4220) appeared in above process. Mass~4220 MeV, Width~60	MeV ! 3
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e+e− → ωχc0
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e+e− → ηJ/ψ
New study of  at  
Reconstructing  
Assuming the lowest lying structure is the  

 

Consistent with those of the  from previous measurements of 
different final states 
First time, we observe the decays of the  into  final states.

e+e− → ηJ/ψ 3.18 GeV ≤ s ≤ 4.60 GeV
η → γγ/π+π−π0 and J/ψ → e+e−/μ+μ−

ψ(4040)
MY(4220) = 4218.7 ± 4.0 ± 2.5 MeV/c2, ΓY(4220) = 82.5 ± 5.9 ± 0.5 MeV

Y(4220) and Y(4360)

Y(4220) and Y(4360) ηJ/ψ

MY(4360) = 4380.4 ± 14.2 ± 1.8 MeV/c2, ΓY(4360) = 147.0 ± 63.0 ± 25.8 MeV

XYZ data

R-scan data
Y(4040) Y(4220)	Y(4360)	PHSP
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e+e− → π0π0J/ψ
Using the data at  

ML fit including two resonances is performed  

Confirm the existence of the charmonium-like state 
 

Mass and with of  are fixed at the reported value in the 
decay of  

Mass and with of   is consistent with 

3.808 GeV ≤ s ≤ 4.60 GeV

Y(4220)
MY(4220) = 4220.4 ± 2.4 ± 2.3 MeV/c2, ΓY(4220) = 46.2 ± 4.7 ± 2.1MeV

Y(4320)
e+e− → π+π−J/ψ[1]

Y(4220) e+e− → π+π−J/ψ[1]

Average ratio ℛ =
σ(e+e− → π0π0J/ψ)

σ(e+e− → π+π−J/ψ)[1]
= 0.48 ± 0.02
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Reference [1]:  M. Ablikim, et al., (BESIII Collaboration),  PRL 118.092001(2017)

consists with the isospin symmetry.



Using	data	at	 	

Reconstructing	
	

The	dependence	of	the	cross	section	of	 	
shows	an	enhancement	around	4.2	GeV.	

The	shape	of	cross	section	cannot	be	fully	
explained	with	single	 (Fix	
mass	and	with)	

A	coherent	sum	of		 	(Fix	
mass	and	width)	provides	a	reasonable	
description	of	data.

4.178 GeV ≤ s ≤ 4.60 GeV

η′ → γπ+π−/ηπ+π− with η → γγ , J/ψ → e+e−/μ+μ−

s

ψ(4160) or ψ(4260)

ψ(4160) and ψ(4260)

Y(4220)

Y(4390)

Fit with single resonance 

Coherent sum of ψ(4160) and ψ(4260)

e+e− → η′ J/ψ
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Using	data	at	 .	

Reconstructing	 16	hadronic	#inal	states,	including	
,	 ,	 ,	 ,	 ,	

,	 ,	 ,	 ,	 ,	
,	 ,	 ,	 ,	 	and	 	

Signi#icant	 	production	at	 	=	4.23	
GeV	and	4.26	GeV	(>3.0 ),	and	larger	than	5.0 	
summing	up	different	 	points.	

Observe	a	signi#icant	energy-dependent	Born	section	
measured	to	be	consistent	with	the	production	via	
intermediate	Y(4260)	resonance.	

The	cross	sections	of	 	and	 	
are	found	to	be	consistent	with	zero	and	corresponding	
upper	limits	are	provided.	

4.178 GeV ≤ s ≤ 4.60 GeV

ηc →
3(π+π−) 2(π+π−π0) π+π−π0π0 2(π+π−) K0

SK+π−

K+K−π+π− K+K−π0 K0
SK+π−π+π− 2(π+π−)η π+π−η

K+K−η 2(K+K−) K+K−2(π+π−) pp̄ pp̄π+π− pp̄π0

e+e− → ηcπ+π−π0 s
σ σ
s

e+e− → ηcπ+π− e+e− → ηcπ0γ

Y(4390)

e+e− → ηcπ+π−π0, ηcπ+π−and ηcπ0γ
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PRD	103,	032006		(2021)

The Born cross is fitted with a Breit-Wigner  
function, shown as blue line in the plot.

e+e− → π+π−J/ψ



Using	data	at	 .	

Reconstructing	 ,		 	with	
	

Upper	limits	at	a	90%	C.L.	for	the	number	of	signal	
events	are	obtained	with	the	Poissonian	limit	estimator	
(POLE)	computer	program,	since	no	signi#icant	 	
signal	events	are	observed	at	some	energy	points.	

Signi#icant	 	production,	which	is	larger	than	5.0 	
summing	up	different	 	points.	

Impossible	to	extract	the	couplings	of	the	Y	states	to	
	from	a	#it	to	the	cross	section	of	 ,	

due	to	the	limited	statistics.	

4.236 GeV ≤ s ≤ 4.60 GeV

η → γγ ψ(2S) → π+π−J/ψ
J/ψ → e+e−/μ+μ−

ηψ(2S)

ηψ(2S) σ
s

ηψ(2S) e+e− → ηψ(2S)

e+e− → ηψ(2S)
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arXiv:	2103.01480

Further	experimental	studies	with	higher	statistics	are	needed	to	draw	a	clear	conclusion	on	the	
structure	in	the	 	process.	e+e− → ηψ(2S)



e+e− → π0π0ψ2(3823)
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Using	data	at	 .	

Reconstructing	 ,		 	with	
	and	 	

MC	shape	 	Gaussian( )	+	0th-order	polynomial	
function.	 	are	#ixed	to	be	values	obtained	from	
the	same	#inal	states	process	 	

Summing	up	different	 	points,	the	number	of	signal	
events	is	determined	to	be	 	,	and	the	signi#icance	
for	 	with	systematic	uncertainties	
included	is	found	to	be	4.3 	.	

4.3 GeV ≤ s ≤ 4.7 GeV

π0 → γγ ψ2(3823) → γχc1
χc1 → γJ/ψ J/ψ → e+e−/μ+μ−

⨂ δm, δσ
δm and δσ

e+e− → π0π0ψ(3686)

s
15.9+5.1

−4.4
e+e− → π0π0ψ2(3823)

σ

arXiv:	2102.10845

ℛ =
σ(e+e− → π0π0ψ2(3823))

σ(e+e− → π+π−ψ2(3823))[1]
= 0.64+0.22

−0.20 ± 0.05,	Consistent	with	the	expectation	of	isospin	symmetry.Average ratio

Reference [1]:  also measured in this paper, see next page.



e+e− → π0π0ψ2(3823)
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The decays , , ,
, and , are searched for using the reaction  

. 

 is observed with a higher significance of 11.8 , 
confirms a previous observation by BESIII [	 PRL	 115,	 011803	
(2015)	]. Evidence for  with a significance of 3.2  
for the first time. 

No significant  signals are observed for other channels.  

The branching-fraction ratio  is measured to 

be , consistent with the theoretical prediction for 

.

ψ2(3823) → γχc0,1,2 π+π−J/ψ π0π0J/ψ
ηJ/ψ π0J/ψ
e+e− → π+π−ψ2(3823)

ψ2(3823) → γχc1 σ

ψ2(3823) → γχc2 σ

ψ2(3823)

ℬ(ψ2(3823) → γχc2)
ℬ(ψ2(3823) → γχc1)

0.28+0.14
−0.11 ± 0.02

ℬ(13D2 → γχc2)
ℬ(13D2 → γχc1)

arXiv:	2102.10845



e+e− → π+π−χcJ
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Using	data	at	 .	

Reconstructing	 	and	 	

No	signi#icant	signal	has	been	observed,	despite	the	hint	of	an	slight	enhancement	for	 	at	
center-of-mass	energies	between	4.18	GeV	and	4.26	GeV.		

Thus,	we	set	upper	limits	at	the	90%	CL	for	the	three	studied	reaction	channels	for	J	=	0,	1,	2.		

4.18 GeV ≤ s ≤ 4.60 GeV

χcJ → γJ/ψ J/ψ → e+e−/μ+μ−

π+π−χcJ

arXiv:	2012.	02682



Summary 
• Lots of progress in study the vector charmonium-like states in hidden charm final states at BESIII 

• Y(4220)	in	the	line	shape	of	  

• Y(4220) and Y(4360)	in	the	line	shape	of	 	 

• Y(4220) and Y(4320)	in	the	line	shape	of	   

• Y(4220)	and Y(4360)	in	the	line	shape	of	 	

• Y(4220)	and Y(4360)	in	the	line	shape	of	  

• New reactions observed:  ,		 ,		 		and		  

• More analysis on searching for the vector charmonium-like states in the hidden charm final states 
will come soon.

σ(e+e− → ωχc0)

σ(e+e− → π+π−hc)

σ(e+e− → π+/0π−/0J/ψ)

σ(e+e− → π+π−ψ(2S))
σ(e+e− → ηJ/ψ)

e+e− → η′ J/ψ ηψ(2S) ηcπ+π−π0 π0π0ψ2(3823)
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