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Ø Key	tool	to	test	QCD	theory in	nonperturbative	region

Ø Understanding	of	the	quark	and	gluon	confinement

n Conventional	quark	model

n QCD	allows	for	hadrons	beyond	Quark	Model

Introduction
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𝑺

Largest	𝑱/𝝍 and	𝝍(𝟐𝑺)	datasets	in	the	world!!

ØBESIII’s		advantages

Ø Clean	high	statistics	data	sample

Ø “Gluon-rich”	process

Ø 𝑰(𝑱𝒑𝒄) filter

• Ideal	place	for	study	light	hadron	spectroscopy

42021/9/5

𝑠 = 2.0 − 4.95 𝐺𝑒𝑉
Luminosity:1×10##𝑐𝑚$%𝑠$&

10	billion 3 billion

BESIII data sets
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n Searching	for	glueball	provides	a	direct	fundamental	test	of	the	QCD	theory.

n Lattice	QCD	predicts	the	low lying mass	spectrum for glueballs

• 𝟎!! ground	state:	1.5-1.7	𝐺𝑒𝑉/𝑐"

• 𝟐!! ground	state:	2.3-2.4	𝐺𝑒𝑉/𝑐"

• 𝟎#! ground	state:	2.3-2.6	𝐺𝑒𝑉/𝑐"

n Low lying	glueballs	with	ordinary	quantum	number	,	can	be	mixed	with	nearby	𝑞/𝑞 states

• Systematical	study	is	needed	in	the	identification

Glueball
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Scalar glueball
Ø PWA of J/ψ ⟶ γK'K' Ø PWA of J/ψ ⟶ γηη Ø MI analysis of J/ψ ⟶ γ𝜋(𝜋(

Ø Mass	independent	approach	has	
been	performed	on J/ψ ⟶ γ𝜋(𝜋(

Ø The	contribution	around	1.5	GeV	
and	1.7GeV	are	scalar	states

n 𝒇𝟎(𝟏𝟕𝟏𝟎) ~10	times	larger	production	rate	than	𝒇𝟎(𝟏𝟓𝟎𝟎) in	𝐉/𝛙 ⟶ 𝛄𝑲𝒔𝑲𝒔 and	𝐉/𝛙 ⟶ 𝛄𝛈𝛈

Result	of	 J/ψ ⟶ γK!K! Result	of		J/ψ ⟶ γηη
Phys. Rev. D 98, 072003 (2018) Phys. Rev. D 87, 092009 Phys. Rev. D 92 (2015) 5, 052003



LQCD prediction	of	scalar	glueball

Ø Mass:	1.5-1.7 𝐆𝐞𝐕/𝒄𝟐 Phys.Rev.Lett. 110 (2013) 2, 021601

Ø 𝚪 𝑱/𝝍 ⟶ 𝛄𝑮𝟎3 /𝚪𝒕𝒐𝒕 = 𝟑. 𝟖×𝟏𝟎$𝟑

Measurement	form	BESIII
• 𝐵(𝐽/𝜓 ⟶ 𝛾𝑓( 1710 → 𝛾𝐾�𝐾) = (9.62 ± 0.29)$&.012%.&&×10$3
• 𝐵(𝐽/𝜓 ⟶ 𝛾𝑓( 1710 → 𝛾𝜋𝜋) = (4.0 ± 0.06 ± 1.1)×10$3
• 𝐵(𝐽/𝜓 ⟶ 𝛾𝑓( 1710 → 𝛾𝜔𝜔) = (3.1 ± 0.6 ± 0.78)×10$3
• 𝐵(𝐽/𝜓 ⟶ 𝛾𝑓( 1710 → 𝛾𝜂𝜂) = 2.35$(.&&$(.432(.&#2&.%3×10$3

⟹𝑩 𝑱/𝝍⟶ 𝜸𝒇𝟎 𝟏𝟕𝟏𝟎 > 𝟏. 𝟗×𝟏𝟎$𝟑

Ø 𝑓� 1710 has	~10	times	larger	production	rate	than	𝑓� 1500
Ø f�(1710) has	more	gluonic	component	than	f�(1500)

Scalar glueball
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Tensor glueball

LQCD prediction	of	tensor	glueball

Mass:	2.3-2.4	𝐆𝐞𝐕/𝒄𝟐 Phys.Rev.Lett. 111 (2013) 9, 091601

Ø 𝚪 𝑱/𝝍 ⟶ 𝛄𝑮𝟐3 /𝚪𝒕𝒐𝒕 = 𝟏. 𝟏×𝟏𝟎$𝟐

The	results	of	the	experiment
Ø 𝐁 𝐉/𝛙 → 𝛄𝐟𝟐 𝟐𝟑𝟒𝟎 → 𝛄𝛈𝛈 = 𝟑. 𝟖$𝟎.𝟔𝟓$𝟐.𝟎𝟕2𝟎.𝟔𝟐2𝟐.𝟑𝟕×𝟏𝟎$𝟓

Ø 𝐁 𝐉/𝛙 → 𝛄𝐟𝟐 𝟐𝟑𝟒𝟎 → 𝛄𝛟𝛟 = (𝟏. 𝟗𝟏 ± 𝟎. 𝟏𝟒$𝟎.𝟕𝟑2𝟎.𝟕𝟐)×𝟏𝟎$𝟒

Ø 𝐁 𝐉/𝛙 → 𝛄𝐟𝟐 𝟐𝟑𝟒𝟎 → 𝛄𝐊𝐬𝐊𝐬 = (𝟓. 𝟓𝟒$𝟎.𝟒𝟎$𝟏.𝟒𝟗2𝟎.𝟑𝟒2𝟑.𝟖𝟐)×𝟏𝟎$𝟓

• Consistent	with	WA102	experiment	Phys.Lett.B 471 (2000) 429-434

⇒need	to	search	for	more	decay	modes

𝑱/𝝍 → 𝜸𝜼𝜼

𝒇𝟐(𝟐𝟑𝟒𝟎)

𝐉/𝛙 → 𝛄𝝓𝝓

𝒇𝟐(𝟐𝟑𝟒𝟎)
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Phys.	Rev.	D 93,	112011

Phys.	Rev.	D.	87,	092009	(2013)



Pseudoscalar glueball
LQCD prediction	of	scalar	glueball

Ø Mass:	2.3-2.6	𝐆𝐞𝐕/𝒄𝟐 Phys.	Rev.	D 73,	014516

Ø 𝚪 𝑱/𝝍 ⟶ 𝛄𝑮𝟎= = 𝟐. 𝟑𝟏×𝟏𝟎$𝟒

Ø The	𝑋(2370) is	first	observed	in	the	process	of		J/ψ → 𝛾𝜋!𝜋#𝜂$

Ø Based	on	chiral	effective	Lagrangian with	mass	of	X(2370),	the	

predicted	branching	ratio	of pseudoscalar	glueball	is	:	𝐵(

)

𝐺 →

𝜂𝜂𝜂$ : 𝐵 𝐺 → 𝐾𝐾𝜂$ : 𝐵 𝐺 → 𝜋𝜋𝜂$ = 0.00082, 0.011, 0.09
Phys.	Rev.	D	 87,	054036	(2013).

𝑋(2370)

Phys.	Rev.	Lett. 106 (2011) 072002
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Ø X(2370)	is	observed	in	J/ψ	→	𝛾𝐾n𝐾𝜂$ ; 𝐵(𝐽/𝜓 → 𝛾𝑋(2370) → 𝛾𝐾n𝐾𝜂$)=（1.79±0.23 ± 0.65）×10#%

Ø No	X(2370)	signal	in	J/ψ	→	γηηη$,	 B(J/ψ → γX(2370) → γηηη$) <	9.2×10#& at	90%	C.L.

Ø No	contradiction	to	the	calculation	for	X(2370)	as	0#! glueball

Pseudoscalar glueball
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Phys.	Rev.	D 103,	012009

Ø More	decay	modes	are	needed		and	with	high		statistics	J/ψ	data	to	determine	its	𝐽'(

Eur.	Phys.	J.	C	(2020)	80:746



The structure near 𝑝�̅� threshold

Ø Anonlmoly	line	shape	of	𝑿 𝟏𝟖𝟑𝟓 is	observed	in	𝑱/𝝍 → 𝜸𝜼=𝝅2𝝅$ decay(with	two	hypotheses)
ü One	broad	state	with	strong	coupling	to	𝒑�𝒑 (flatte model)
ü One	narrow	state	below	to	the	𝒑�𝒑 mass	threshold	interfering	with	X(1835)

Ø Connection	between	X(1835)	and	𝑿(𝒑�𝒑 ),		support	the	existence	of	a	𝒑�𝒑 molecule-like	state	or	bound	state

112021/9/5

Phys.	Rev.	Lett. 117,	042002

Ø The 𝒑�𝒑 mass	threshold	enhancement	was	first	observed	in			𝑱/𝝍 → 𝜸𝒑�𝒑 decays	Phys.	Rev.	Lett. 108,	112003

Ø First	observation	of	the	X(1835)	in	𝐉/𝝍 → 𝜸𝝅2𝝅$𝜼= at	BESII,	then	confirmed	by	BESIII	,	Phys.	Rev.	Lett. 106 (2011) 072002	

also	observed	in	𝑱/𝝍 → 𝜸𝑲𝒔𝑲𝒔𝜼 Phys.Rev.Lett. 115 (2015) 9, 091803

Ø The	spin-parity	of	X(1835) and	𝑿(𝒑�𝒑 )	is		𝑱𝒑𝒄 = 𝟎$ 2



ØStudy the	nature	of	X(1835).

The structure near 𝑝�̅� threshold

𝜼 𝟏𝟒𝟕𝟓 𝟏𝟑. 𝟓𝝈

X 𝟏𝟖𝟑𝟓 𝟔. 𝟑𝝈

Ø According	to	angular	distribution,	the	𝑱𝒑𝒄 around	1.4	
and	1.8	tends	to	be	𝟎$2

Ø 𝑱 /	𝝍 →	𝜸X,	𝑿 →	𝜸𝑽 (𝑽 =	𝝎,	𝝓)	:	flavor	filter	process.
⇒X(1835)	and	η(1475)	have	sizeable	𝒔"𝒔 component,

𝑱/𝝍 → 𝜸𝜸𝝓

Phys. Rev. D 97, 051101

𝐉/𝝍 → 𝝎𝝅2𝝅$𝜼=

Phys. Rev. D 99, 071101

Ø The	comparison	of	the	production	rates	between	
𝑱/𝝍 → 𝝎 𝑿(𝟏𝟖𝟑𝟓) and	𝑱/𝝍 → 𝜸 𝑿(𝟏𝟖𝟑𝟓) could	get	
information	on	the	𝒒�𝒒 or	gluon	component	of	
𝑿(𝟏𝟖𝟑𝟓) Phys. Rev. D 74 (2006) 034019；Eur.	Phys.	J.	A	28,	351–360	(2006)	

Ø No	significant	X(1835)	is	observed.			B(𝐽/𝜓 →
𝜔𝑋(1835) → 𝜔𝜋2𝜋$𝜂=)<6.2×𝟏𝟎$𝟓 at	90%	C.L.

122021/9/5



Chin.	Phys.	C	39	(2015)	8,	082001

Strangeonia spectrum

• Study	of	the	strangeoniummesons	of	particular	
interest
• Bridge	between	light	u,	d	quark and	heavy	c,	b	quark
• Helps	to	identify	the	exotics

• Strangeonium spectroscopy	is	not	well	understand	
experimentally
• Only	7	states	in	the	expected spectrum	assigned	to	
the observed	mesons(marked	with	red solid	lines)
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Amplitude analysis of  𝐽/𝜓 → 𝐾!𝐾"𝜋#.

Ø𝐾𝜋�
• The	dominant	contribution	is	from	K*(892)
• First	observation	of	K*2(1980)	and	K*4(2045)	in 𝐽/𝜓 decays
Ø𝐾²𝐾³
• Two	broad	1-- structures	were	observed	in	𝐾2𝐾$ mass	spectrum,	possibly	
contributed	from	𝜔(1650)	and	𝜌(2150)

• Further	studies	on	𝐽/𝜓 → 𝐾>𝐾$𝜋2 and	𝐽/𝜓 → 𝐾2𝐾$𝜂 are	needed

142021/9/5

Phys.	Rev.	D 100,	032004

With	K*(892)	cut	in	𝑀(𝐾𝜋!)



Amplitude analysis of 𝜓$ → 𝐾!𝐾"𝜂
•Phys.	Rev.	D 101 (2020) 3, 032008448M	𝜓=

• The	discrepancy	of	the	𝜙(1680)	in	its	
production
•𝜙(1680)	(𝑒2𝑒$ annihilation)
•X(1750)		(photoproduction)
reported	by	FOCUS	（Phys.	Lett.	B	545,	50	)

• The	simultaneous	observation	of	the	
X(1750)	and	𝜙(1680)	may	explain	
the	previous	discrepancy	in	𝜙(1680)	
decays.

• ρ(2150)/𝜙(2170)	is	also	observed
• isospin	is	undetermined	
• combined	analysis	with	other	
channels	is	needed
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Summary

l The	BR	of	a	𝑓((1710) is	one	order	of	magnitude	higher	than	that	of	𝑓((1500)
• 𝑓((1710) has	more	gluonic	component	than	𝑓((1500)

l X(2370)		was	observed	in	J/ψ	→	𝛾𝜋2𝜋$𝜂= , 𝛾𝐾�𝐾𝜂= and	no	signal	in	J/ψ	→	𝛾𝜂𝜂𝜂=

𝑝�̅�
l X(1835)	observed	in	J/ψ	→	𝛾𝛾𝜙

• have	sizeable	𝒔"𝒔 component	
l No	X(1835)	signal	in	𝐽/𝜓 → 𝜔𝜋2𝜋$𝜂=

l Two	1$$ structures,	possibly	ω(1650)	and	ρ(2150),	observed	in	J/ψ	→	𝐾2𝐾$𝜋(
l X(1750)	and	𝜙(1680)	, ρ(2150)/𝜙(2170)	 have	been	observed	in	𝜓(3686)→ 𝐾2𝐾$𝜂.

n BESIII collected 10 billions of J/𝜓 from 2019 and will continue to run for ~ 10 more years. 
Data with unprecedented statistical accuracy provides great opportunities to map out 
light meson spectroscopy and study QCD exotics
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•Back Up
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