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Meson spectroscopy in LQCD
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Bird view of BEPCII 
Linac

Storage ring

physics

 Charmonium(-like) physics

 Light hadron spectroscopy

 Charm physics

 τ physics

2004: start construction
2008: test run 
2009-now: data taking   



BEPCII storage rings
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Beam energy: 

1.0-2.3 GeV

Design Luminosity: 

1×1033  cm-2s-1 

(achieved on 5th April,2016)

Optimum energy:

1.89 GeV

Energy spread:

5.16 ×10-4

No. of bunches:

93

Bunch length:

1.5 cm

Total current:

0.91 A

Circumference：
237m



μCounter

8- 9 layers RPC

R=1.4 cm~1.7 cm

Time Of Flight (TOF)
T :  90 ps Barrel

110 ps endcap

Drift Chamber (MDC)

P/P (0/0) = 0.5%(1GeV）

dE/dx (0/0) = 6%

EMC： E/√E(0/0) = 2.5 % (1 GeV)

(CsI)       z,(cm) = 0.5 - 0.7 cm/√E

Super-conducting 
magnet (1.0 tesla)  

The BESIII Detector
NIM A614, 345 (2010)
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J/

58M

BESIII: 1300M

(3686)

BESIII: 450M

27M

J/ and (3686)events at BESIII
（2009+2012）
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Structures around 1.85 GeV/c2
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• Spin-parity of X(ppbar):

X(pp) in J/ψγpp

• PWA of J/ψγpp was first performed

• The fit with a BW and S-wave 
FSI(I=0) factor can well describe pp
mass threshold structure.

• It is much better than that without 
FSI effect, and Δ2lnL=51 (7.1σ)

PRL 108,112003(2012)

JPC=0-+

PRD 87, 112004(2013)

PRD 93, 052010(2016) 

No similar structure was observed 
in J/ψpp and J/ψpp

225M J/



Confirmation of X(1835) and two new structures

Resonance M( MeV/c2) ( MeV/c2) Stat.Sig.

X(1835) 1836.5±3.0+5.6
-2.1 190.1±9.0+38

-36 >20σ

X(2120) 2122.4±6.7+4.7
-2.7 83±16+31

-11 7.2σ

X(2370) 2376.3±8.7+3.2
-4.3 83±17+44

-6 6.4σ
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X(1835) consistent with
0BESIII fit results:

PRL 106, 072002(2011)

f1(1510)

two news!

J/+

+



Nature of X(2120)/X(2370): pseudoscalar glueball ? / excited 

states? 

225M J/



Phys.Rev.Lett. 115 091803(2015)

X(1835)→𝐾𝑆𝐾𝑆𝜂

M=1844±9(stat)−25
+16(syst) MeV/c2

Γ=192−17
+20

−43
+62 MeV                                     

PWA for 𝑀(𝐾𝑆𝐾𝑆)<1.1 GeV/c2
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Observation of X(1835) in J/KsKsη

X(1560) → f0(980)𝜼:  JPC=0-+

M=1565±8−63
+0 MeV/c2

Γ=45−13
+14

−28
+21 MeV

𝜂(1405) / 𝜂(1475) within 2.0 𝝈

Consistent with X(1835) observed 
in J/ψ → γπ+π−η′!

JPC=0+

1.3B J/



Observation of X(1840) in J/3(+-)

M=1842.2±4.2 +7.1
-2.6 MeV/c2

Γ = 83±14±11MeV
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Mass is consistent with that of  X(1835), but the width is 

much smaller  than Γx(1835) =190.1±9.0+38
-36 MeV

A new decay mode of X(1835)? 

PRD 88, 091502 (2013)

225M J/



Are they the same particle? It is crucial to identify these 

observations.

Comparisons of the observations at BES

X(18??) near the threshold position of proton-antiproton
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★ X(1840): JP unknown,J/ 3(+ -) PRD88,091502

○ X(1870): JP unknown, J/  () PRL107, 182001

▲ X(1835): JP =0
-
,  J/ (’) PRL106, 072002

■ X(pp): JP=0
-, 

J/ (pp) PRL108,112003

┼ X(1810): JP=0
+
,J J/ () PRD 87, 032008
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Latest result on X(1835) from J/+

PRL 117, 042002(2016)

Faltte formula Two BWs

M1=1825.3±2.4 +17.2
-2.4 MeV/c2

Γ1 = 245.2±13.1 +4.6
-9.6 MeV

M2=1870.2±2.2 +2.3
-0.7 MeV/c2

Γ2 = 13.0±6.1 +2.1
-3.8 MeV

M=1638.2±121.9 +127.8
-254.3 MeV/c2

g2
0 = 93.7±35.4 +47.6

-43.9 GeV/c2

g2
pp /g2

0 = 2.31±0.37 +0.83
-0.60

existence of a structure strongly coupling to pp !

1.3B J/
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Scalar/tensor mesons in J/ radiative decays
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PWA of J/

• f0(1710) and f0(2100) are  

dominant scalars

• f0(1500) exists (8.2σ)

• f2’(1525) is the dominant 
tensor

• f2(1810) and f2(2340) exist  
(6.4 and 7.6)

• No evidence for fJ(2220)

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

225M J/



PWA of J/π0π0

Phys. Rev. D 92, 052003（2015）

Model independent

0++: σ, f0(1370), f0(1500) ,
f0(1710) and f0(2020)

2++:  dominated by f2(1270) 
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1.3B J/



• Dominant contribution from pseudoscalars
• η(2225) is confirmed; 
• η(2100) and X(2500) are observed

• The three tensors f2(2010), f2(2300) and f2(2340) stated in p
-p reactions 

are also observed

PWA of J/ψγ
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Phys. Rev. D. 93, 112011 (2016)

1.3B J/
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PWA of J/ψγωφ

Confirmed the enhancement observed at BESII

M= 1795±7+13
-5±19(model) MeV/c2, 

Γ =95±10+21
-34±75(model) MeV

Spin-parity is determined to be 0+

the same as f0(1710)/f0(1790), or a new state ?

PRD 87, 032008(2013)

225M J/
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Phys. Rev. D 73, 014516 
Low lying glueballs have ordinary quantum 
numbermixing with qq mesons

At BESIII
• f0(1710) and f0(2100) are observed

in 𝐽/𝜓 → 𝛾 𝜂𝜂, 𝛾𝜋0𝜋0

• f2(2340) is observed in 𝐽/𝜓 →
𝛾𝜂𝜂/𝜙𝜙 /𝜋0𝜋0

• X(2120) and X(2370) in of 𝐽/𝜓 →
𝛾𝜋+𝜋−𝜂’

• Systematic studies needed
• 𝐽/𝜓 → 𝛾𝜂𝜂′
• 𝐽/𝜓 → 𝛾𝜂′𝜂′
• 𝐽/𝜓 → 𝛾𝐾𝑠𝐾𝑠
• 𝐽/𝜓 → 𝜙𝑋,𝜔𝑋

Where is the glueball?



Exotics (JPC=0--,0+-,1-+,2 +-,3-+,…) 

JPC exotic particles: beyond the naive quark model
easily to distinguish from others due to the exotic JPC

production rate and dynamics are not well understood

candidates?

π1(1400)
π1(1600)

Evidence of an exotic η′π amplitude [π1(1600) ?] was seen

PRD84 (2011) 112009 
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Search exotics in 𝜒𝑐1 → 𝜂𝜋+𝜋−

450M (3686）
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π π S-wave: 
N/D by A.Szczepaniak
PRD84, 112009 

a0(980): 
dispersion integrals
PRD78,74023

• Clear evidence for a2(1700) in χc1decays.
• First measurement of  𝒈𝜼′𝝅

′ ≠ 0 using 𝒂𝟎 𝟗𝟖𝟎 → 𝜼𝝅 line shape.

• Upper limits for 𝝅𝟏(𝟏
−+) in 1.4 - 2.0 GeV/c2 region.
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Kaonia/strangeonia spectrum
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Kaonia spectrum

s q

Much less well understood, most of them 
needs confirmation
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Much less well understood, most of them have not been 
observed yet

Like charmonia, a similar pattern
for the strangeonia is expected

s s

Strangeonia spectrum

PRD68,054014(2003)



MKK

c1

c2

K*(892)

KJ*(14XX)

a0(980)
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𝛘𝐜𝟏 → 𝐊𝐊

K*

K
∓ K*0K0

K*(892)

KJ*(14xx)
KJ*(14xx)

450M (3686)
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c2K+K-0

K*

K*

K*0

c2KSK
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𝜒𝑐1 → 𝐾𝐾
h1(1380)
>10

(1680)
4.3

(1850)
3.2

M=1412±4±8 MeV/c2

Γ = 84±12±40MeV

106M (3686)

PRD 91, 112008(20155)



• hybrids or strangeonium ?

BESIII, PRD91,052017(2015)

1.3B J/Y(2175)/(2170) in J/ψφ+-



Light meson decays
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η’ physics

B(’→π+π-π+π-)=(8.63± 0.69± 0.64) ×10-5

B(η´→π+π-π0π0)=(1.82± 0.35± 0.18) ×10-4

’→π+π-π+π-

η´→π+π-π0π0

η´→π0

B(η´→π0)=[6.91± 0.51± 0.54± 0.20(PDG)] ×10-4 

(preliminary)

B(’→π+π-π+π-)=(1.0± 0.3) ×10-4

B(η´→π+π-π0π0)=(2.4± 0.7) ×10-4

ChPT+VMD
Phys. Rev. D 85,014014 (2012)

B(η´→π0): ~6×10-4

Nucl. Phys. Proc. Suppl. 207-208, 224 (2010)
R. Escribano, PoS QNP 2012, 079 (2012)

PRL112,251801(2014) 
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Observation of η →́+π-+c.c. 

D. Gross et al., PRD19,2188(1979)

N. Beisert, B. Borasoy, Nucl. Phys. A716,186(2003)
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Observation of η →́+π-+c.c. 



η´→π+π- decay dynamics

 high term of WZW ChPT box anomaly

 studied by many experiments (CB, L3 …)

 no consistent picture due to limited statistics

  mass shift or not ?

 box anomaly or not ?
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Model-dependent fit 

2). fit with (770)-ω-(1450) 3). fit with (770)-ω-box anomaly
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1). fit with (770)-ω

 Besides (770), the ω is needed

 (770)-ω cannot describe data well

 Extra contribution (maybe (1450) or box-anomaly, maybe both of them) is also 
necessary  to provide a good description of data

η →́π+π- decay dynamics 
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Model-independent fit 

* Physics Letters B 707 (2012) 184-190
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P(sππ) = 1+ a sππ + b O(s2
ππ) +  BWP(sππ) = 1+ a sππ + b O(s2

ππ)

|FV(sππ)|2

Crystal barrel: a = (1.80± 0.49± 0.04)GeV-2

b = (0.04± 0.36± 0.03)GeV-4

GAMS-2000:     a = (2.7± 1.0)GeV-2
 ω is necessary

 Linear polynomial is insufficient
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 η(1295)

 only observed in πp interactions

 Due to interference between f1(1285)

and η(ππ)S-wave E. Klempt Phys. Reports 454,1(2007)

E852, PLB516,264(2001)

E852

η(1295) & f1(1285)

 More decays, e.g.,

J/ψ→{, }X,may shed light on η(1295)

BESIII, PRD91,052017(2015)

 =21.0± 1.7 MeV
M=1281.7± 0.6 MeV/c2

BESIII, PRL107,182001(2011)

 =22.0± 3.1+2.0
-1.5 MeV

M=1285.1± 1.0+1.6
-0.3 MeV/c2
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 η(1440)

 one or two resonances?

η(1405) & η(1475)

η(1405)a0π

η(1475)K*K

First observed:  (1405)f0(980)0

BESIII,PRL 108, 182001 (2012)

%25
))980()1405((

))980()1405((

0

0

0 








aBR

fBR
   

Large isospin breaking!

Triangle Singularity (TS)

J.J.Wu et al, PRL 108, 081803(2012)

one η(1440) is enough to 
describe the experimental 
data !
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Summary

 Rich physics in light hadrons

meson spectroscopy→ QCD
Exotics search→ QCD, Quark model
Kaonia/strangeonia spectrum→ QCD, Quark model
light meson decays → test of ChPT

……

 Mapping out the light hadron spectroscopy is crucial

 1.3 billion J/Ψ and 0.45 billion Ψ(3686) @ BESIII

 BESIII plays an important role in light hadron physics

 More results are expected to come soon !



Many thanks for your attention ! 
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