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Beam energy: 1.0-2.3 GeV
Energy spread: 5.16 x 10-4

Design luminosity 1 x 1033/cm2/s @ψ(3770)
Achieved luminosity: 1.01 x 1033/cm2 (2016)
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BESIII detector



BESIII data sets 4
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World largest J/ψ, ψ(3686), ψ(3770), … samples
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Light hadron spectroscopy at BESIII
• Light hadron spectroscopy is a key tool to study/develop the QCD 

theory in strong coupling regime

• A major concern: do new forms of hadrons exist?

• BESIII’s advantages: the world largest J/ψ, ψ(3686) decay samples

• Gluon rich processes

• Kinematic favorable

• Clean: produced directly from e+e- collisions

• JPC/isospin filter
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Selected highlights

• X(ppbar)/X(1835)

• Search for glueballs

• a0(980)-f0(980) mixing
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X(ppbar)/X(1835)



X(ppbar)/X(1835): the same or not?
• X(ppbar): an anomalous strong p!p threshold enhancement structure in 

J/ψ→γp!p, first observed by BESII
• 0-+

• Mass = 1836.5)* )+,-+.-+/ ±19 MeV/c2

• Width < 76 MeV/c2 @ 90% C.L.

• B.R. = 9.0)+.+)*.3-3.4-+.* ± 2.3 ×10)*
• X(1835): observed in J/ψ→γηʹπ+π- (BESII); also seen in J/ψ→γKSKSη (BESIII)
• 0-+

• Mass = 1844 ± 9)8*-+9 MeV/c2

• Width = 192)+,)4:-83-98 MeV/c2

• B.R.(ηʹπ+π-) = 2.87 ± 0.09)3.*8-3.4. ×10)4
• B.R.(KSKSη) = 3.31)3.:3)+.8.-3.::-+..9 ×10)*
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Phys. Rev. Lett. 106, 072002

X(1835)

X(2120) X(2370)

Phys. Rev. Lett. 108, 112003

Phys. Rev. Lett. 115, 091803



Anomalous ηʹπ+π- line shape near ppbar
mass threshold in J/ψ→γηʹπ+π-

• Re-study using high statistics J/ψ decay sample
• Clear signal of X(1835), X(2120), X(2370), and a structure near 2.65 GeV/c2

• Significant distortion near ppbar mass threshold
• Seen in both ηʹ decay modes
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Phys. Rev. Lett. 117, 042002
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10Anomalous ηʹπ+π- line shape near ppbar
mass threshold in J/ψ→γηʹπ+π-

Phys. Rev. Lett. 117, 042002• Model I: Flatte formula
• Strongly couples to proton-antiproton, significance > 7σ
• Mpole = 1909.5 ± 15.9'().*+,.- MeV/c2

• Гpole = 273.5 ± 21.4'2-.3+2.4 MeV/c2

• Model II: two coherent Breit-Wigner
• A broad resonance, whose mass/width are consistent 

with the X(1835)
• A narrow resonance just below the ppbar mass threshold, 

significance > 7σ
• Mass = 1870.2 ± 2.2'3.)+(.6 MeV/c2

• Width = 13.0 ± 6.1'6.8+(.4 MeV/c2
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• J/ψ→!ηʹπ+π-: no obvious sign of 
X(1835)’s existence
• B.R. < 6.2x10-5 @ 90% C.L.
• Strong coupling with di-gluon?

Search for X(1835)’s other decay modes
• J/ψ→γγφ: first observation of 

X(1835)→γφ
• Sizeable s"s components in X(1835): 

more complicated than a pure 
N$N state
• B.R. = (1.77 ± 0.35 ± 0.25)x10-6

or (8.09 ± 1.99 ± 1.35)x10-6
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Phys. Rev. D 97, 051101
arXiv:1902.04862 [hep-ex]
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States between 1.8-1.9 GeV/c2 at BESIII 12

J/ψ→γ3(π+π-)
Phys.	Rev.	D	88,	091502(R)

J/ψ→ωηπ+π-
Phys.	Rev.	Lett.	107,	182001
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Search for glueballs



Search for glueball at BESIII

• Glueball is formed by non-abelian gluon-gluon interaction, 
searching for glueball provides a direct fundamental test 
of the QCD theory
• Lattice QCD predicts the lowest lying 0-+, 0++, 2++ 

glueballs have masses below 3 GeV/c2

• Radiative J/ψ decays are ideal for searching for glueballs
• 0-+: J/ψ→γPPP, γVV
• 0++/2++: J/ψ→γPP, γVV

14



PWA of J/ψ→γηη
• J/ψ→γηη: a good channel to study 0++ and 2++ states

• Production rate of f0(1710) is compatible with LQCD prediction for a pure scalar glueball 
–> large overlap between f0(1710) and a 0++ glueball?

15
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Phys. Rev. D 87, 092009
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PWA of J/ψ→γKSKS
16
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Phys. Rev. D 98, 072003



• Provides an opportunity to study 0-+ and 2++ states above 2 GeV/c2

• 0-+ contributions
• η(2225) is confirmed
• Newly observed: η(2100) and X(2500)

• 2++ contributions
• f2(2010), f2(2300), f2(2340)
• Large production rate of f2(2340)

PWA of J/ψ→γφφ 17

Phys. Rev. D 93, 112011
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Comparison among BESIII results
0++

!! KSKS

M (MeV/c2) Γ (MeV/c2) B.R. (x10-5) M (MeV/c2) Γ (MeV/c2) B.R. (x10-5)

f0(1370) - - - 1350 ± 9)*+,* 231 ± 21)./+*/ 1.07)2.23)2.4.+2.2/+2.45

f0(1500) 1468),9)3.+,.+*4 136)*5),22+.,+*/ :. ;<)=.>:):.?=+=.@;+=.<: 1505 109 :. <A)=.:;)=.<;+=.:;+=.:B

f0(1710) 1759 ± 6)*9+,. 172 ± 10),5+4* @>. <):.:)C.?+:.>+:@.? 1765 ± 2),+, 146 ± 3),+4 @=. =)=.@):.=+=.>+>.:

f0(1790) - - - 1870 ± 7)4+* 146 ± 14),9+3 1.11)2.25)2.4*+2.25+2.,D

f0(2100) 2081 ± 13)45+*. 273)*.)*4+*3+32 11.3),.2)*./+2.D+5.. - - -

f0(2200) - - - 2184 ± 5)*+. 364 ± 9)3+. 27.2)2.5)..3+2./+,.3

f0(2330) - - - 2411 ± 10)3+3 349 ± 18),+*4 4.95)2.*,)2.3*+2.*,+2.55
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2++
!! KSKS EE

M (MeV/c2) Γ (MeV/c2) B.R. (x10-5) M (MeV/c2) Γ (MeV/c2) B.R. (x10-5) M (MeV/c2) Γ (MeV/c2) B.R. (x10-5)

f2(1525) 1513 ± 5),2+. 75),2)/+,*+,5 3.42)2.9,),.42+2..4+,.43 1516 ± 1 75 ± 1 ± 1 7.99)2.2.)2.92+2.24+2.5D - - -

f2(2340) 2362)42)54+4,+,.2 334)9.),22+5*+,59 <. ;=)=.;<)@.=C+=.;@+@.>C 2233 ± 34)*9+D 507 ± 37)*,+,/ <. <?)=.?=):.?A+=.>?+>.B@ 2339 319 :A. : ± =. C);.A+C.@



Search for glueball at BESIII

• 0++ sector
• The production rate of f0(1710) is compatible 

with LQCD prediction for a pure gauge scalar 
glueball

• 2++ sector
• f2(2340) seems to be a good candidate for its 

large production rate in radiative J/ψ decays

• 0-+ sector
• X(2370) could be a candidate for 0-+ glueball

• X(2500) observed in J/ψ→γφφ and the structure 
around 2.6 GeV/c2 observed in J/ψ→γηʹπ+π-

19

J/ψ→γPP J/ψ→γVV J/ψ→γPPP

J/ψ→γηη J/ψ→γωφ J/ψ→γKKηʹ

J/ψ→γπ0π0 J/ψ→γφφ J/ψ→γηπ0π0

J/ψ→γKSKS J/ψ→γωω …

J/ψ→γηηʹ … …

J/ψ→γηʹηʹ … …

… … …
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a0(980)-f0(980) mixing



a0(980)-f0(980) mixing
• Theorists proposed a0(980)-f0(980) mixing mechanism ~40 years ago, to 

clarify the nature of these two states

• BESIII observed evidence of a0(980)-f0(980) mixing using 225 million J/ψ

events and 106 million ψʹ events

• By analyzing 1.3 billion J/ψ and 450 million ψʹ collected by BESIII, a0(980)-
f0(980) mixing is finally confirmed

21
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Phys. Rev. D 83, 032003

Phys. Rev. Letter 121, 0220017.4σ 5.5σ



Summary
• BESIII has obtained many results in light hadron spectroscopy since its first 

physics run started from 2009
• There are X(ppbar) and X(1835), now we have established connection between them! 

Either a proton-antiproton molecule state or bound state exists
• X(1840) and X(1870) - it’s very strange/interesting to see so many states with similar 

properties (mass/width/decay modes/…) in this region
• Extensive and systematic searching for glueballs: f0(1710), f2(2340), X(2370), X(2500), 

and X(26??), …
• First observation of a0(980)-f0(980) mixing. Many unexpected/interesting phenomena: 

narrow f0(980), large isospin breaking rate, …

• After 2018’s J/ψ data taking, the amount of total J/ψ events has increased 
from 1.3 billion to 10 billion. More and more interesting results are expected 
in the near future.
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Thanks!



Anomalous line shape of ηʹπ+π- near !"!
mass threshold in J/ψ→γηʹπ+π-

23

• Use	the	Flatté formula	for	the	line	shape
• # = %&'(

ℳ*+,+- ∑/ 0/
*%/

• ∑1 21341 ≃ 263(46 +
09"9
*

0:*
4;;̅)

• ⁄2;;̅3 263 is	the	ratio	between	the	coupling	strength	to	the	p@p channel	
and	the	summation	of	all	other	channels

The state	around	1.85	GeV/c2

ℳ (MeV/c2) 1638.0 +G3G.H +3IJ.K
LG3G.H LG3M.N

263 ((GeV/c2)2) 93.7 +KI.J +JK.H
LKI.J LJM.Q

⁄2;;̅3 263 2.31 +6.KM +6.Q6
L6.KM L6.NK

Mpole (MeV/c2)	* 1909.5 +GI.H +3M.I
LGI.H LH.J

Γpole (MeV/c2)	* 273.5 +3G.J +QJ.6
L3G.J LQ.G

Branching Ratio (3.93 +6.KN +6.NJ
L6.KN L6.KG)×10+J

Significance	of	 VW!"XY WZY being	
non-zero	is	larger	than	7σ
X(1920)	is	needed	with	5.7σ

log[ =	630549.5	

*	The	pole	nearest	to	the	p@pmass	threshold

A !"!
molecule-
like	state?



Anomalous line shape of ηʹπ+π- near !"!
mass threshold in J/ψ→γηʹπ+π-
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• Use	coherent	sum	of	two	Breit-Wigner	amplitudes
• # = %&'(

)*+,-,.)*/*
+	 0⋅2

34⋅ %&'(
)++,-,.)+/+

X(1835)

M (MeV/c2) 1825.3 ,;.< ,;.<
=;.< =>?.@

Γ (MeV/c2) 245.2 ,>;.C ,D.C
=><.; =<.C

B.R.	(constructive	interference) (3.01 ,G.>? ,G.;H
=G.>? =G.;C)×10,<

B.R.	(destructive	interference) (3.72 ,G.;> ,G.@L
=G.;> =G.>H)×10,<

X(1870)

M (MeV/c2) 1870.2 ,;.@ ,G.?
=;.; =;.@

Γ (MeV/c2) 13.0 ,L.L ,@.H
=?.> =;.>

B.R.	(constructive	interference) (2.03 ,G.>; ,G.?G
=G.>; =G.<@)×10,?

B.R.	(destructive	interference) (1.57 ,G.GD ,G.HC
=G.GD =G.<D)×10,L X(1920)	is	not	significant

Significance	of	X(1870)
is	larger	than	7σ

logM =	630540.3	
A !"!

bound	state?



PWA of J/ψ→γπ0π0 25

Phys. Rev. D 92, 052003
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• Nominal	Solution
• Ambiguous	Solution

ü A piecewise function that 
describes the dynamics 
of the π0π0 system is 
determined as a function 
of M(π0π0)

ü Significant features of the 
scalar spectrum includes 
structures near 1.5, 1.7 
and 2.0 GeV/c2

ü Ambiguities present 
above K1K threshold



PWA of J/ψ→γKSKS (model independent) 26

ü Significant features of the scalar spectrum includes structures near 1.7 and above 2.0 GeV/c2

ü Good agreement with results of model dependent PWA
ü Ambiguities exist in model independent PWA

• Nominal	Solution
• Ambiguous	Solution

Phys. Rev. D 98, 072003



Observation of X(2370) in J/ψ→γKKηʹ
• X(2120) and X(2370) were first observed by the BESIII in J/ψ→γηʹπ+π-

• LQCD predicts the lowest lying 0-+ glueball has mass between 2.3-2.6 GeV/c2

• X(2120) and X(2370) are candidates?

27
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• Combined study of J/ψ→γK+K-ηʹ/γKSKSηʹ
• First observation of X(2370) in this process

• Mass/width are consistent with X(2370) in J/ψ→γηʹπ+π-

• Br[X(2370)→KKηʹ]/Br[X(2370)→ηʹπ+π-] ~ 1/15
• A theoretical work predicts ГG->KKηʹ/ГG=0.011 and 

ГG→ηʹππ/ГG=0.090 for MG=2.37 GeV/c2 (PRD 87, 054036)

• No clear signal of X(2120)


