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Beijing	Electron	Positron	Collider	(BEPC)
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n Main	Drift	Chamber
σP/P	=	0.5%	@	1	GeV
σdE/dx =	~5%

BESIII	detector

n Time	of	Flight
σT =	70	ps (barrel)

110	ps (ETOF	endcap)
60	ps (MRPC	update)

n Electromagnetic	Calorimeter
σE/ E� =	2.4%	@	1	GeV

n Super	Conducting	
Solenoid

1.0	T	(2009)
0.9	T	(2012)



World	largest	J/ψ,	ψ(3686),	ψ(3770),	…produced	
directly	from	e+e- collision	

— ideal	factory	to	study	hadron	spectroscopy
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BESIII	Data	Sample

J/ψ and y(3686)
n2009

• ~106M y(3686)
• ~225M J/ψ

n2012
• ~352M y(3686)
• ~1.09B J/ψ

n2015
• ~0.1 fb−1 at 2.125 GeV

n2018-2019
• ~4.6B J/ψ
• ~4.1B J/ψ
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实现了BESIII	J/ψ数据目标！



Selected	Results	from	LHS
nMeson	spectroscopy

l X(𝑝𝑝̅) and X(1835)
l Mixing of a0(980)-f0(980)
l Search for Glueball
l Search for Hybrid
l Strangeonium spectrum

nLight	meson	decays
l η´→ π +(0)π-(0) π0 

l η´→gπ+π-

l Br(η´→X) measurements
nBaryon	spectroscopy

l Search	for	N*,Λ*	,Σ∗	and	Ξ*
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X(𝒑𝒑4) and X(1835)
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𝒑𝒑4 threshold enhancement X(𝒑𝒑4)

n Observed	at	BESII	in	𝐽/𝜓 → 𝛾p𝑝̅

8

Phys.	Rev.	Lett.	91,	022001	(2003)

Chin.	Phys.	C	34,	421	(2010)

Phys.	Rev.	D	82,	092002	(2010)

𝑀 = 1859ABCDE
AFG
DG 	𝑀𝑒𝑉/𝑐F,	

Γ < 30	𝑀𝑒𝑉/𝑐F	(90%	𝐶𝐿)

𝑀 = 1861ABEDU
AFU
DV 	𝑀𝑒𝑉/𝑐F,

	Γ < 38	𝑀𝑒𝑉/𝑐F	(90%	𝐶𝐿)

n Agree	with	BESII

n Many	possibilities:

ordinary	meson/𝑝𝑝̅ bound	state/ multiquark/glueball/final	state	
interaction	(FSI)

n Confirmed	by	CLEO-c		and	BESIII	in	
𝜓(3686) → 𝜋D𝜋A 𝐽/𝜓,	𝐽/𝜓 → 𝛾p𝑝̅



PWA	of	𝐉/𝛙 → 𝛄𝒑𝒑4
nConfirmed in  𝐽/𝜓 → 𝛾p𝑝̅
n𝐽[\	determined by PWA

l 𝐽[\ = 0AD

l 𝑀 = 1832AGDB^ 	ABVDB_± 19	𝑀𝑒𝑉/𝑐F

l Γ = 13 ± 39ABEDBC ±4	𝑀𝑒𝑉/𝑐F

l B(𝐽/𝜓 → 𝛾𝑋)cB(X → p𝑝̅)=9.0AB.BDC.f 	AG.CDB.G± 2.3	×10AG.

Phys.	Rev.	Lett.	108,	112003	(2012)

lA signal model of BW and S-
wave FSI factor can well 
describe 𝑝𝑝̅ mass threshold 
structure

lThe fit quality is much better 
than that without FSI effect.

f0(2100)	and		f2(1910)		fixed	to	PDG.	
Significance	of	X(pp)	>>30s
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Searching for X(𝒑𝒑4) in other hadronic decays

nNo	significant	narrow	threshold	enhancement	observed	 :
• J/yàw𝒑𝒑4: B(𝐽/𝜓 → 𝜔X(p𝑝̅)	→ 𝜔p𝑝̅)	<3.7	×10AU (95%	CL),	>	10x	suppressed
• J/yàf𝒑𝒑4:	B(𝐽/𝜓 → 𝜙X(p𝑝̅)	→ 𝜙p𝑝̅)	<2.0	×10AV (90%	CL),	>	100x	suppressed
• Y(3686)àf𝒑𝒑4 ∶ B(𝜓(3686) → 𝜙X(p𝑝̅)	→ 𝜙p𝑝̅)	<1.82	×10AV (90%	CL)

nSeems	not	from	pure	FSI	effect

10973课题总结 10

J/yàw𝒑𝒑4 J/yàf𝒑𝒑4 Y(3686)àf𝒑𝒑4

Phys.	Rev.	D	93,	052010	(2016) arXiv:1902.09756,accepted	by	PRDPhys.	Rev.	D	87,	112014	(2013)



X(1835)	in	J/yà gp+p-h’	(h’®gr/hpp)	

nObserved	at	BESII
nConfirmed	by	BESIII	in	𝐽/𝜓 → 𝛾𝜂m𝜋D𝜋A with	
two	𝜂m decays

l 𝑀 = 1836.5AGDB^ ± 3.0AF.BDG.U	𝑀𝑒𝑉/𝑐F

l Γ = 190 ± 9AEUDE_	𝑀𝑒𝑉/𝑐F

l Angular	distribution	is	consistent	with	0A

l h’	excited	state?	Glueball state?	same	as	pp	enhancement?

nObserved	two	additional	structures	>	2 G𝑒𝑉/𝑐F
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BESII

Phys.	Rev.	Lett.	95,	262001	(2005)

Phys.	Rev.	Lett.	106,	072002	(2011)

>	5.7𝝈
>	20𝝈
>7.2𝝈
>6.4𝝈

58M

225M



nX(1835)
n Jpq	determined	to	be	0AD

n 𝑋(1835) → 𝜂𝐾yC𝐾yC (	>	12.9 𝜎),	dominated	by	𝑓C(980) production
n 𝑀 = 1844 ± 9AFGDBU	𝑀𝑒𝑉/𝑐F

n Γ = 192ABVAfEDFCDUF	𝑀𝑒𝑉/𝑐F

n B(𝐽/𝜓 → 𝛾𝑋(1835))cB(X(1835) → 𝜂𝐾yC𝐾yC)= 3.31AC.ECAB.F^DC.EEDB.^U 	×10AG

n Consistent	with	X(1835)	parameters	obtained	from	𝐽/𝜓 → 𝛾𝜂,𝜋D𝜋A

nX(1560)
n 𝐽[\ = 0AD;	𝑋(1560) → 𝜂𝐾yC𝐾yC (	>	8.9 𝜎)
n 𝑀 = 1565 ± 8AUEDC 	𝑀𝑒𝑉/𝑐F

n Γ = 45ABEAF_DBfDFB	𝑀𝑒𝑉/𝑐F

n Consistent	with	𝜂(1405)/𝜂(1475)		within	2.0 𝜎

Observation	and	spin-parity	determination	of	X(1835)		in		
𝐽/𝜓 → 𝛾𝐾yC𝐾yC𝜂
nClear structure on mass spectrum of 𝐾yC𝐾yC𝜂 around 1.85 G𝑒𝑉/𝑐F

nStrongly correlated to 𝑓C 980 		
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Phys.	Rev.	Lett.	115,	091803 (2015)
n 		PWA in M (KsKs) < 1.1 GeV

1.31B
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Phys.	Rev.	D	87,	032008	(2012) Phys.	Rev.	Lett.	107,	182001	(2011)

Phys.	Rev.	D	88,	091502	(2013)

n Any	relations?

n What	is	the	role	of	the	𝐩𝒑4 threshold	(and	other	thresholds)?	

n Patterns	in	the	production	and	decay	modes	



Anomalous	line	shape	of	𝜼m𝝅D𝝅A	near	the	𝐩𝒑4 mass	threshold:
connection	between	X(1835)	and	X(𝒑𝒑4)	
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1.09B



Search	for	X(1835)’s	other	decay	modes

nObservation of 
𝜂 1475 , X(1835) → 𝛾𝜙

nAngular distributions favor  0AD
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nNo obvious signal of X(1835) is found

nB.R. (J/yàwX(1835)àwp+p-h )

< 6.2 ×10AG @ 90% C.L.

Phys.	Rev.	D 97,	051101(R) (2018)

𝜼 𝟏𝟒𝟕𝟓
13.5𝝈 X(1835)

6.3𝝈

𝒇𝟏 𝟏𝟐𝟖𝟓
<5𝝈

𝑱/𝝍 → 𝜸𝜸𝝓 𝑱/𝝍 → 𝝎𝝅D𝝅A𝜼m

Phys.	Rev.	D 99,	071101(R) (2019)

nX(1835) contains a sizable 𝑠𝑠̅ component



Mixing	of	a0(980)-f0(980)

16



a0(980)	and	f0(980)

na0(980) and f0(980) are theoretically explained as ordinary mesons, 
tetraquarks, molecules or hybrids.

nMixing intensity provides important information in understanding the 
nature of a0(980)  and f0(980).

nNarrow peak (8 MeV) at around 980 MeV can be expected:
n in ηπ invariant mass spectra of J/ψ® ff0 ® fa0 ® fηπ
n or in π+π- invariant mass spectra of cc1 ® a0π0 ® f0π0 ® π+π-π0

17



Evidence	of	a0(980)	– f0(980)	mixing	

18

PRD	83,	032003	(2011)



Observation	of	𝑎C(980) -fC(980)mixing	at	BESIII
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𝜼 → 𝜸𝜸
𝜼 → 𝝅D𝝅A𝝅𝟎

n Using 1.3×10^	𝐽/𝜓, 𝑓C → 𝑎C is 
observed in the isospin violating 
decay: 
𝐽/𝜓 → 𝜙𝑎CC 980 → 𝜙𝜂𝜋C	(7.4	𝜎)

n Using 4.48×10_	𝜓′, 𝑎C → 𝑓C is 
observed in the isospin violating 
decay:

𝜒\B → 𝑓C 980 𝜋C → 𝜋D𝜋A𝜋C	(5.5	𝜎)

Phys. Rev. Lett. 121, 022001(2018)



Observation of a0(980)-f0(980) mixing
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n The statistical significance of the mixing 

signal scanned in the 2D space of

𝑔��→���� and 𝑔��→����

n The region with higher significance 

indicate the larger probability

n The markers indicate predictions from 

various theoretical models (without 

uncertainties of model)

Phys. Rev. Lett. 121, 022001(2018)



Search	for	Glueball
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Search for Glueball

nFormed	by	gluon-gluon	interaction
n Allowed	by	QCD
n Lattice	QCD	prediction	

n 0DDground	state:	1.5~1.7GeV/c2
n 2DDground	state:	2.3~2.4	GeV/c2
n 0ADground	state:	2.3~2.6	GeV/c2

22

Phys.	Rev.	D	73,	014516	(2006)

n𝐽/𝜓 radiative	decays:	gluon	rich

nAn	ideal	place	to	search	for	glueballs

nChallenges
l Ground	glueballs have	ordinary	
quantum	number

l Mixing	with	qqbar mesons
l No	clear	criterion

n Systematic	exp.	studies	are	required:
l Over-population

l Mapout the	resonances
l Production	patterns

• 𝐉/𝝍 → 𝜸	/𝝎/𝝓 +	X
• Other	experiments

l Decay	patterns
• “flavor	blind”,	”chiral	suppression”,	…



Glueball program	@BESIII	in	a	nutshell
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PWA	of	𝑱/𝝍 → 𝜸𝜼𝜼
nUse	225	×10U 𝐽 𝜓⁄ events

24

Phys.	Rev.	D	87,	092009	(2013)

nBr. of 𝑓C(1700) and 𝑓C(2100) are 
~ 10 X  larger than than of 𝑓C(1500)
nPossible large overlap with LQCD 

predictions of 0DGlueball
(PRL 110 021601)

nStrong production of f2(2340)

𝑓C(1500) 𝑓C(1700) 𝑓C(2100)

𝑓F′(1525)
𝑓F(1810) 𝑓F(2340)



Amplitude	analysis	of	J/ψ → γKsKs
• MD	analysis	is	well	consistent	with	
mass-independent(MI)	analysis.	

25

• Dominate	scalars:	f0(1710),	f0(2200)	
• Dominate	tensors:	f’2(1525),	f2(2340)	

PRD	98,	072003	(2018)	



PWA	of	𝑱/𝝍 → 𝜸𝝓𝝓

n Besides 𝜂 2225 , little known on the 
pseduoscalar above 2 GeV

n New ressults help to map out the 
psedoscalar excitations and search for 
0AD glueball
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Phys.	Rev.	D	93,	112011	(2016)

n Dominant contribution from 
pseudoscalars

n 𝜂 2225 is confirmed
n 𝜂 2100 and X(2500) are significant

n Three tensor states
n fF 2010 , fF 2300 	and	fF 2340

are observed
n Strong production of 	fF 2340

n Well consistent with the results from
Model Independent PWA



Scalar glueball candidate (0++) 
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Scalar glueball candidate (0++) 
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Tensor glueball candidate (2++) 
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Amplitude	Analysis	of	𝝌𝒄𝟏 → 𝜼𝝅D𝝅A

nWorld largest 𝜒\Bsample (～35K) 
n 448M	ψ 3686 → 𝛾 𝜒\B → 𝛾 𝜂𝜋D𝜋A
nSearch for  exotic meson with 1AD	 in 𝜂𝜋, 𝜂m𝜋 and 𝜋𝜋 final states

973课题总结 30

Phys.	Rev.	D	95,	032002	(2017)

nObserved 𝜒\B → 𝑎F(1700)𝜋 for the first time (> 17𝜎）
nFirst measurement of  𝑔¡m¢m 	≠ 0 using 𝑎C 980 → 𝜂𝜋 line shape.

nDetermined upper limits for 𝜋B 1AD in 1.4-2.0 GeV/c2 region 



Strangeonium Spectrum
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Strangeonium spectrum
nLike charmonium and bottomonium, a similar pattern for 

the strangeonium is expected

32

Only 7 of them have been identified !

PHYS. REV.D 68, 054014 (2003)

nNarrow ZS states	in	Y(2175n	→	πZS	→	ππφ,
with	ZS	mass	close	to	KK*	and	K*K*	thresholds

nMuch less well understood, 
most of them have not been 
observed yet

nSimilarity	of	Y(2175)	and	Y(4260)	
production(ISR)	and	decay

Eur. Phys. J. C 72, 2008 (2012)



Search for Zs at 2.125 GeV 

nData: 108.49 ± 0.75 pb-1 collected 
at 2.125 GeV 
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-+-+ ® pfpee 00pfp®-+ee

n No clear ZS signal is observed in the ϕπ
mass spectrums around 1.5 GeV/c2.

n The cross-sections of  e+e-→ϕπ+π- and 
e+e-→ϕπ0π0 at 2.125 GeV/c2 are 
measured

n Determined upper limits on the cross-
section for ZS production (90% C.L. )

Phys. Rev. D99. 011101 (2019)



Observation of h1(1380) in ψ(3686)→γχcJ→γϕh1(1380)

nWith 106M ψ(3686),  Study ψ(3686)→γχcJ (J=1,2), and  χcJ→ϕh1(1380)

34

Phys. Rev. D 91, 112008 (2015)

nFirst direct observation of 
h1(1380)→𝐾∗(892)𝐾¤

nEveidences for the decays
χcJ → φ φ(1680) and χcJ → φ φ(1850)

l𝑀 = 1412 ± 4 ± 8𝑀𝑒𝑉/𝑐F
l𝛤 = 84 ± 12 ± 40𝑀𝑒𝑉/𝑐F



Observation of h1(1380) in J/ψ→η´KKπ

n Simultaneous  fit to the M(𝐾∗ 892 𝐾¤) in 𝐾D𝐾A𝜋C and  
𝐾yC𝐾±𝜋∓ modes.

n Observation of  h1(1380) in J/ψ→η´h1(1380) (>10σ) 
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0/ phy -+¢® KKJ

!phy ±¢® KKJ S/

Phys. Rev. D 98, 072005 (2018)

n Isospin symmetry violation

ℬ(ℎB 1380 → 𝐾∗D 892 𝐾A + 𝑐. 𝑐. )
ℬ ℎB 1380 → 𝐾∗C 892 𝐾C + 𝑐. 𝑐.

= 2.35 ± 0.44

nThe quark contents of h1(1380) is predominantly 𝒔𝒔¤:
l Mixing angle between h1(1170) and h1(1380):35.9° ± 2.6°
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PDG



Observation	and	study	of	the	decay J/ψ→ϕηηʹ

nEvidence for a structure 
denoted as X in the φη′ mass 
spectra 

n Jp=1- (4.4 𝜎)
n Mass: (2002.1	± 27.5	± 21.4)	MeV/c2	
n Width:(129	± 17	± 9)	MeV	
n B(J/ψ	→	ηX)	× B(X	→	φηʹ)	=(9.8	± 1.2	± 1.7)	× 10−5	

n The	mass	is	5σ	away	from	Y	(2175)	

n Jp=1+(3.8 𝜎)
n Mass: (2062.8±13.1±7.2)	MeV/c2	
n Width:(177	± 36	± 35)	MeV	
n B(J/ψ	→	ηX)	× B(X	→	φηʹ)	(9.6	± 1.4	± 2.0)	× 10−5	

nTwo assumptions cannot 
clearly be distinguished due to 
the limited statistics. 
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Phys. Rev. D 99, 112008 (2019)

Jp=1-

Jp=1+

𝜂m → 𝛾𝜋D𝜋A 𝜂m → 𝜂𝜋D𝜋A



Light	Meson	Decay	
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η and η´ decays
• Rich physics 

• Test ChPT predictions
• Form factors
• Test fundamental symmetries
• Probe new physics beyond the SM

39

η’ →2γ chiral anomaly
η’ →π+π-π0                         quark masses, π+π- scattering 
η’ →γπ+π- box anomaly
η’ →γπ+π- form factor
η’ →ππ CP violation
η’ → µ+µ-π0 ,e+e-π0    C violation
η’ → µ e                       LF violation

• High Production (1.3 B J/ψ )
• 7.2×106 η’ 
• 2.4×106 η



Amplitude Analysis of η´→ π +(0)π-(0) π0 

• η´→ π π π are isospin-violating 
processes, dominated by strong 
interaction

• Light quark mass difference can be 
extracted

• Using ChPT, large P-wave 
contribution of 𝜼′ → 𝝆±𝝅∓ is predicted 

40

PRL, 118, 012001(2017)



Study of η´→gπ+π- decay dynamics

fit with 𝜌(770)-ω-r(1450)

41

P(sππ) = 1+ a sππ + b O(s2
ππ) + d BWw

fit with 𝜌(770)-ω-box anomaly

n The second most probable decay mode of the η’ meson 
n In VMD model, the process is dominated by η´→ g𝜌(770)
n A peak	shift	of	~ 20	MeV/c2	for	the	ρ(770)	meson	
n This	discrepancy	could	be	attributed	to	the	box	anomaly	 in	ChPT

PRL120,242003(2018)

n Besides	the	𝝆(770),	the	𝝎 contribution	is	needed
n 𝜌(770)-ω cannot describe data well
n Extra contribution (maybe r(1450) or box-anomaly) is also necessary



Precision	Measurement	of	the	Branching	
Fractions	of	η’	Decays	
• Gamma	conversion: J/y→ 𝛾𝜂‘, 𝛾 → 𝑒D 𝑒A

42

PhysRevLett.122.142002 (2019)

• Independent	measurements	of
five dominant	decay	channels
with	higher	precision



Baryon spectroscopy
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Search for excited baryons
nNRQM is successful in interpreting of the excited baryons 
nPredicted more excited stated (“missing resonance problem”) 
n𝐽/𝜓	(𝜓′	)decays offers an window to search for the missing 

resonance
nIsospin filter for 𝐽/𝜓 → 𝑁𝑁4𝜋 and 𝐽/𝜓 → 𝑁𝑁4𝜋𝜋, 𝑁𝜋 and 𝑁𝑁𝜋

systems are limited to be pure isospin B
F

44



N* in PWA of  y(2S) ® 𝐩𝒑4 π0

• 7 N* intermediate resonances are observed
• Two new baryonic excited states are 

observed
• N(2300) (½+) 
• N(2570)(5/2-) 

• No clear evidence for N(1885) or N(2065) 
has been found

PRL 110, 022001 (2013)
106 M  y(2S) 
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N* in PWA of  y(2S) ® 𝐩𝒑4 η

• Intermediate state
N(1535) ® pη dominant

• No evidence for a pp resonance

PRD 88, 032010(2013)

_

106 M  y(2S) 

46



N* in J/ y (y(2S)) ® 𝐩𝒑4 𝜼m

47

106 M  y(2S) 

1.31B  J/y

No evident structures were observed 

Phys. Rev. D 99, 032006 (2019) 



Λ*	and		Σ∗ in	y(2S) ® ΛΣπ

• 106 M  y(2S) 
• Clear structures were observed 

48

Phys. Rev. D 88, 112007 (2013) 



Observation Ξ* of y(2S) ® (γ)K-Λ𝚵4D+c.c.

• Ξ(1690)- and Ξ(1820)- observed in M(KΛ)

• Mass and width consistent with PDG

• First observation in  Charmonium decay

PRD 91, 092006 (2015)
450 M  y(2S) 
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Summary	and	Outlook
nHighlights from BESIII LHS

l Connection between X(𝑝𝑝̅) and X(1835) to upport a 𝑝𝑝̅ molecule-
like state or bound state

l First observation of  a0(980)-f0(980) Mixing
l Scale Glueball: strong production of f0(1710) in 𝐽/𝜓 → g𝜂𝜂/g𝐾𝐾/
g𝜋𝜋, consists with LQCD’s prediction;

l Tensor Glueball: strong production of f2(2340) in 𝐽/𝜓 → g𝜂𝜂/g𝐾𝐾/
𝛾𝜙𝜙； consists with LQCD’s prediction ?

l No obvious Zs was found and  h1(1380) changed to h1(1415) 
l Precision measurement of light meson (𝜂’) decays
l Several  N*,𝛬* ,𝛴∗ and Ξ* were observed

nCollected	10	billion	𝑱/𝝍 events	
nAllows us to study light hadrons with the unprecedented statistics
nMore interesting results are expected 
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Thanks	for	your	attention!
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