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n Quantum	Chromodynamics	（QCD）
• High	energy	region :	nature	of	asymptotic	

freedom has	been	confirmed	experimentally	

• Low	energy	region : non-perturbation	effects	are	

dominant		and	the	solution	cannot	be	solved	

analytically	(color	confinement)

n Hadron	spectroscopy	
• Study	the	effective	degrees	of	freedom	in	non-perturbative	regime	of	QCD.
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nHadron	spectroscopy
Ø Well-known	classes	of	hadrons:	meson(𝐪"𝐪),	baryon(𝐪𝐪𝐪)

Ø QCD	allows	the	existence	of	exotic	hadrons

• multi-quark	states ;			hybrids;			glueballs

• Strong	evidences	for	multi-quark	in	heavy	quark	sector

A new “particle zoo”: https://qwg.ph.nat.tum.de/exoticshub/

• Evidence	for	gluonic	excitations remains	sparse

Phys.Rept. 873 (2020) 1 



pIdeal place for light QCD exotics

• Charmonium	decays	➯ “Gluon-rich”	process

• Clean	high	statistics	data	sample

• Kinematic	constraints

• 𝐈(𝐉𝐩𝐜) filter

𝐽/𝜓: 10×10! 𝜓(2𝑆): 2.9×10!

𝛤(𝐽/𝜓 → 𝛾𝐺)~𝛰(𝛼𝛼"#) 𝛤(𝐽/𝜓 → 𝛾𝐻)~𝛰(𝛼𝛼"$)

𝛤(𝐽/𝜓 → 𝛾𝑀)~𝛰(𝛼𝛼"%) 𝛤(𝐽/𝜓 → 𝛾𝐹)~𝛰(𝛼𝛼"%)

4Glueballs	and	hybrids	are	expected	to	have	
a	larger	yield	compared	to	mesons.



n MarkIII	experiments	found	that	𝜂(1405) → 𝑎#(980)𝜋 and	
𝜂 1475 → 𝐾∗𝐾, confirmed	by	Crystal	Barrel	and	Obelix.

• Quark	model predicts:	only	one	pseudoscalar	meson	

near	1.4	GeV.	

• Theoretical	interpretations :

• 𝜂(1475)➯ the	first	radial	excitation	of	𝜂’ ;		

• 𝜂(1405)➱ the	glueball	candidate

• LQCD predicts:	0&' glueball	(2.3~2.6	GeV)	

What’s	the	nature	of	the	outnumbered	 𝜼(𝟏𝟒𝟎𝟓) ?



n Theorists	attempt	to	explain	𝜼(𝟏𝟒𝟎𝟓)/𝜼(𝟏𝟒𝟕𝟓) using	one	pole	

• further	study	is	needed	
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n Mass	Dependent	PWA	:		Isobar	model
• Two	pseudoscalar	states	needed:	𝜼(𝟏𝟒𝟎𝟓)/𝜼(𝟏𝟒𝟕𝟓).
• 𝒇𝟏(𝟏𝟐𝟖𝟓), 𝒇𝟏(𝟏𝟒𝟐𝟎),	𝒇𝟐(𝟏𝟓𝟐𝟓) are	observed	

n Mass	Independent	PWA	:	Disentangle	𝑱𝑷𝑪 in	each	bin

• Two	𝟎#$	around	1.4 GeV/𝐜𝟐 𝐢𝐧	 (𝑲𝒔𝟎𝑲𝒔𝟎)𝒔#𝒘𝒂𝒗𝒆𝝅𝟎

and (𝑲𝒔𝟎𝝅𝟎)𝒑#𝒘𝒂𝒗𝒆𝑲𝒔𝟎 partial	waves	

• Consistency	between	MI	and	MD	results

Phys.Rev.D 107 (2023) 9, L091505
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n Flavor	filter	reactions➯ 𝜼(𝟏𝟒𝟎𝟓) and	X(1835) decaying	into	𝜸𝝓:		contain	a	

sizable	𝒔I𝒔

n Just	one	𝜼(𝟏𝟒𝟎𝟓) state	and	a	𝒇𝟏(𝟏𝟒𝟐𝟎) are	needed	around	1.4	GeV/𝒄𝟐

n 𝜼𝒄 → 𝜸𝝓 is	observed	for	the	first	time

n The upper	limit	for	𝜼(𝟏𝟐𝟗𝟓),	𝜼(𝟏𝟒𝟕𝟓),	𝜼𝟏(𝟏𝟖𝟓𝟓) and	X(2370)	are	also	reported
7



n The	𝑿(𝟐𝟑𝟕𝟎) is	first	observed	in	the	process	of		𝑱/𝝍 → 𝜸𝝅'𝝅&𝜼+.

n	The	X(2370)	is	also	observed	in	𝑱/𝝍 → 𝜸𝑲X𝑲𝜼+ ; 𝑩(𝑱/𝝍 → 𝜸𝑿(𝟐𝟑𝟕𝟎) → 𝜸𝑲X𝑲𝜼+)=

(1.79±𝟎. 𝟐𝟑 ± 𝟎. 𝟔𝟓)×𝟏𝟎&𝟓

n No	X(2370)	signal	in 𝑱/𝝍 →γ𝜼𝜼𝜼+,	 𝑩(𝑱/𝝍 → 𝜸𝑿(𝟐𝟑𝟕𝟎) → 𝜸𝜼𝜼𝜼+) <	9.2×𝟏𝟎&𝟔 at	90%	C.L.

u No	contradiction	to	the	calculation	for	X(2370)	as	𝟎&' glueball [2.3-2.6	GeV/𝒄𝟐]
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n Partial	wave	analysis	of		J/ψ→	𝜸𝑲𝒔𝟎𝑲𝒔𝟎𝜼C

• Simultaneous	fit	to	𝜼’ → 𝜼𝝅𝝅 and	𝜼’ → 𝜸𝝅𝝅mass	spectra

• Using	a	subsample	by	requiring	𝑴𝑲𝒔𝟎𝑲𝒔𝟎 < 𝟏. 𝟏 𝑮𝒆𝑽/𝒄𝟐

n The	spin-parity	is	determined	to	be	𝟎DE
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n Unambiguous	signature	for	exotics
ü Light	Flavor-exotic	hard	to	establish

ü Efforts	concentrate	on	Spin-exotic

•	Forbidden	for	(𝐪X𝐪)	: 𝟎&&, 𝐞𝐯𝐞𝐧'&, 𝐨𝐝𝐝&'

n Lightest	spin-exotic:	1DE

•1.7~2.1𝐺𝑒𝑉/𝑐/

Phys.Rev.D 88 (2013) 9, 094505 

LQCD prediction for Exotic Hybrids

n Only 3 spin	exotic	candidate	so	far	:	All	

1DE isovectors
•𝛑𝟏(𝟏𝟒𝟎𝟎), 𝛑𝟏(𝟏𝟔𝟎𝟎), 𝛑𝟏(𝟐𝟎𝟏𝟓)

𝛑𝟏(𝟏𝟒𝟎𝟎), 𝛑𝟏(𝟏𝟔𝟎𝟎) can be explained as one pole
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n Isoscalar 𝟏DE is critical to establish the 

hybrid nonet
•Can be produced in the gluon-rich charmonium 

decays

•Can decay to 𝜂𝜂’ in P-wave

𝛤(𝐽/𝜓 → 𝛾𝐻)~𝛰(𝛼𝛼#$)

Search for 𝛈𝟏(𝟏DE) in 𝑱/𝝍 → 𝜸𝜼𝜼’

[PRD 83,014021 (2011), PRD 83,014006 (2011), EP.J.P 135, 945(2020)]



n An isoscalar 𝟏%& state, 𝜼𝟏(𝟏𝟖𝟓𝟓) , has been observed 
with statistical significance larger than 19𝛔

• Mass is consistent with hybrid on LQCD

n  Inspired many interpretations:
• Hybrid? Molecule? Tetraquark?

n Further more, suppression of 𝒇𝟎(𝟏𝟕𝟏𝟎) → 𝜼𝜼’ supports it 
has a large overlap with glueball

𝑴 = (𝟏𝟖𝟓𝟓 ± 𝟗8𝟏:𝟔)𝑴𝒆𝑽/𝒄𝟐; 𝜞 = (𝟏𝟖𝟖 ± 𝟏𝟖±8𝟖:𝟑)𝑴𝒆𝑽

𝑩(𝑱/𝝍 → 𝜸𝜼𝟏(𝟏𝟖𝟓𝟓) → 𝜸𝜼𝜼’) = (𝟐. 𝟕𝟎 ± 𝟎. 𝟒𝟏8𝟎.𝟑𝟓:𝟎.𝟏𝟔)×𝟏𝟎8𝟔

PRL	129,	192002	(2022) ;		PRL	130,	159901	(2023) (erratum)
PRD	106,072012	(2022) ;			PRD	107,079901	(2023) (erratum)

Opens a new direction to completing the picture of spin-exotics
12

without 𝜼𝟏(𝟏𝟖𝟓𝟓)

𝑩𝒓(𝒇𝟎(𝟏𝟓𝟎𝟎) → 𝜼𝜼’)
𝑩𝒓(𝒇𝟎(𝟏𝟓𝟎𝟎) → 𝝅𝝅)

= (𝟏. 𝟔𝟔8𝟎.𝟒𝟎:𝟎.𝟒𝟐)×𝟏𝟎8𝟏

𝑩𝒓(𝒇𝟎(𝟏𝟕𝟏𝟎) → 𝜼𝜼’)
𝑩𝒓(𝒇𝟎(𝟏𝟕𝟏𝟎) → 𝝅𝝅)

< 𝟐. 𝟕×𝟏𝟎8𝟑@𝟗𝟎%𝑪. 𝑳



BES, PRL93,112002 (2004)BELLE PRL90,201802 (2003) BaBar, PRD79,112009 (2009)

𝑱/𝝍 → 𝒑𝑲&X𝜦𝑩𝟎 → 𝒑𝝅&X𝜦 𝑩𝟎 → 𝒑𝝅&X𝜦

n Similar	evidence	of	a	structure	of	𝒑"𝜦 in several	decays	of	B	mesons	and	
charmonium	states

Different	scenarios	investigated:	baryonium	state	[PRD74,014029],	baryon-antibaryon	
SU(3)	nonets	[PLB626,95],	final	state	interaction	[IJMPA22,5401],	…



8.35𝑓𝑏8C@ 𝑠 = 4.008, 4.178, 4.226, 4.258, 4.416 and 4.682

n Anomalous	enhancement	near	the	𝒑d𝜦	mass	threshold		observed in	

𝒆&𝒆% → 𝒑𝑲%d𝜦	

n X(2085) observed	with	statistical	significance	>20𝝈

𝑴 = (𝟐𝟎𝟖𝟔 ± 𝟒 ± 𝟔)𝐌𝐞𝐕 ;			𝜞 = (𝟓𝟔 ± 𝟓 ± 𝟏𝟔)MeV	;		 𝑱𝑷 = 𝟏&

n No	matching	with	the	prediction	by	potential	model+	narrow	width,		

➩ exotic	properties	of	X(2085)!!!

n Same	structure	as	in	PRL93,112002	?

Ø 𝒆'𝒆& → 𝒑𝑲&X𝜦 : Amplitude analysis for spin parity determination PRL 131, 151901 (2023)
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BESIII experiment is an excellent laboratory to study light hadron 
physics and search for light QCD exotic states

BESIII is taking data since 2008. It will continue to run ~2030
•  BEPCII-U: 3x upgrade on luminosity; Ecms expanded to 5.6 GeV (summer 2024)

Exciting results from new 𝐽/𝜓 data are presented
• pesudoscalar state : 𝜼(𝟏𝟒𝟎𝟓) , X(2370)

• isoscalar 𝟏&' spin exotics state: 𝛈𝟏(𝟏𝟖𝟓𝟓)

• 𝒑X𝜦 threshold	structure:		X(2085)

More interesting results are expected!!!
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Thank you for your attention



Ø  PWA fit result
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l Production properties:
Ø 𝛤(𝐽/𝜓 → 𝛾𝑓,(1710)) is compatible with LQCD predictions

for a scalar glueball

Ø Observed 𝛤(𝐽/𝜓 → 𝛾𝑓,(1710)) is x10 larger than 𝑓,(1500)

l The decay of scalar glueball to the 𝜂𝜂’ final 
state are suppressed due to gauge duality

𝐵𝑟(𝐺 → 𝜂𝜂’)
𝐵𝑟(𝐺 → 𝜋𝜋) < 0.04

lSignificant 𝐟𝟎(𝟏𝟓𝟎𝟎)

𝐵𝑟(𝑓,(1500) → 𝜂𝜂’)
𝐵𝑟(𝑓,(1500) → ππ)

= (1.66#,./,$,./0)×10#1

lAbsence of 𝐟𝟎(𝟏𝟕𝟏𝟎)

𝐵𝑟(𝑓,(1710) → 𝜂𝜂’)
𝐵𝑟(𝑓,(1710) → ππ)

< 2.87×10#2@ 90%𝐶. 𝐿

lSupports to the hypothesis: 𝑓*(1710)
has overlaps with the ground state scalar 
glueball
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n Scalar glueball is expected to have a large 

production in 𝑱/𝝍 radiative decays
Natl. Sci. Rev. 8, no.11, nwab198 (2021)

𝐵(𝐽/𝜓 → 𝛾𝑓D(1500))~0.29×108E

𝐵(𝐽/𝜓 → 𝛾𝑓D(1710))~2.2×108E

• LQCD: 𝛤(𝐽/𝜓 → 𝛾𝐺*!)/𝛤+,+-. = 3.8(9)×10%$

• Observed	𝐵(𝐽/𝜓 → 𝛾𝑓*(1710)) is	x10	larger	than 𝑓*(1500)

• BESIII:	𝑓*(1710)largely	overlapped	with	scalar	glueball

BESIII	PRD	87	092009	(2013)
BESIII	PRD	92	052003	(2015)
BESIII	PRD	98	072003	(2018)

phenomenology	studies	of	coupled	channel	analysis	with	BESIII	results:
PLB	816,	136227	(2021),	EPJC	82,	80	(2022)
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𝛤(𝐽/𝜓 → 𝛾𝐺/!) = 1.01(22)𝑘𝑒𝑉

𝛤(𝐽/𝜓 → 𝛾𝐺/!)/𝛤+,+-. = 1.1×10%/

CLQCD,		Phys.	Rev.	Lett.	111,	091601(2013)

𝐵𝑟(𝐽/𝜓 → 𝛾𝑓/(2340) → 𝛾𝜂𝜂) = (3.8%*.12%/.*3&*.1/&/.$3)×10%2

𝐵𝑟(𝐽/𝜓 → 𝛾𝑓/(2340) → 𝛾𝜙𝜙) = (1.91 ± 0.14%*.3$&*.3/)×10%4

𝐵𝑟(𝐽/𝜓 → 𝛾𝑓/(2340) → 𝛾𝐾#*𝐾#*) = (5.54%*.4*%5.46&*.$4&$.7/)×10%2

𝐵𝑟(𝐽/𝜓 → 𝛾𝑓/(2340) → 𝛾𝜂’𝜂’) = (8.67 ± 0.70%5.13&*.51)×10%1

Experimental results

BESIII	PRD	87,092009	(2013)

BESIII	PRD	93,	112011	(2016)

BESIII	PRD	98,072003	(2018)

BESIII	PRD	105,072002	(2022)

𝑓F(2010), 𝑓F(2300) and 𝑓F(2340) stated in 𝜋8𝑝 
reactions are observed with a strong production of  
𝑓F(2340)Consist with central exclusion production 
in WA102

It is desirable to search for more decay modes

BESIII		𝐽/𝜓 → 𝛾𝜙𝜙 with	1.3B	𝐽/𝜓
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