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Beijing Electron Positron Collider II (BEPC II)  

Storage ring ~240m 

IP 

BESIII Detector 

Linac ~200m 



BESIII Detector 

Superconducting solenoid (1T)  

RPC Muon Detector  
8 layers (end caps) + 9 layers (barrel)  

ΔΩ/4 π=93%  

Electromagnetic  CsI(Tl ) Calorimeter  
σE/E < 2.5%    @ 1  GeV  (barrel)  
σE/E < 5%    @ 1 GeV  (end caps)  

σxy = (6 mm)/E1/2 @ 1 GeV 

Time of Flight   
σt = 90 ps  (barrel)  

σt = 120 ps  (end caps)  

Drift Chamber  
σr𝛟 = 130 µm (single wire)  

σpt/pt = 0.5 % @ 1 GeV  
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BESIII Physics 
 Charmonium(like) physics  

•  XYZ   

•  Spectroscopy  

•  Transitions and decays  

 Light hadron physics  

•  Mesons and baryons spectroscopy  

•  Glueballs and hybrids  

•  Electromagnetic form factors  

•  Two-photon physics  

 Open charm physics  

•  (semi) leptonic and  hadronic decays  

•  Form factors  

•  CKM matrix: Vcd Vcs  

•  D0-D0bar mixing and  CP violation  

•  Rare/forbidden decays  

 QCD and τ physics  

•  Precise R value measurement  

•  …… 

1.3×109  J/𝛙 

4.5×108  𝛙‘ 

2016/2/17 6 FAIRNESS2016 



2016/2/17 FAIRNESS2016 7 

Highlights of meson spectroscopy at BESIII 
X(18??) states 

η(1405)  

Y(2175)  

f0
* & f2

* excited states 



X(1860) in PWA of J/ψ→γp𝒑   

• Strong enhancement first observed at BESII 

[PRL 91,022001(2003)]  and confirmed by 

CLEO-c [PRD82,092002(2012)] ; 

• PWA was firstly performed at BESIII; 

• Significance of  the X(p𝒑 ) component > 30σ, 

>5σ for the other components ; 

• The 0−+ assignment is better that other JPC ; 

• M=1832+19
-5(stat)+18

-17(syst)±19(mode)MeV/c2 ; 

• 𝚪<76MeV/c2  (90%  C.L .); 

PRD 87, 112004(2013)  arXiv:1512.08197 

PRL 108,112003(2012)  

No similar structure was observed in J/ψ→ωp𝒑  or J/ψ→ϕp𝒑  ; 

J/ψ→ωp𝒑   J/ψ→ϕp𝒑   
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ϕ→KSKL ϕ→K+K- 

now called X(p𝒑 )  



X(1835) in J/ψ→γπ+π-η’  
• X(1835) was first observed at BES, and then 

confirmed at BESII [PRL95,262001(2005)];  

• Significance of  the X(1835) is >20𝛔; 

• JPC is assigned to be 0− ; 

• Two additional structures observed at BESIII; 

• Nature of X(2120)/X(2370): pseudoscalar 

glueball ?  η/η’ excited states?  

two news! 

f1(1510) 

>5.7σ 

>20σ 

>7.2σ 

>6.4σ 
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 PRL 106, 072002 (2011) 

the angular distribution of the 

radiative photon is consistent 

with expectations for 

pseudoscalar 0−; 

X(1835)  



X(1835) in PWA of  J/ψ→γ𝑲𝑺
𝟎𝑲𝑺

𝟎η 
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PRL 115, 091803 (2015)  

 PWA of events with M(𝐊𝐒
𝟎𝐊𝐒

𝟎)<1.1GeV/c2 and M(𝑲𝑺
𝟎𝑲𝑺

𝟎η)<2.8GeV/c2 ;  

 Final fit results:  

• the data can be best described with three components: X(1835) →f0(980)η, 

X(1560)→f0(980)η, and a non-resonant  f0(980)η component ; 

•  JPC  of X(1835), X(1560), and non-resonant component are all found to be 0-+ ;  

  

      

 

•  Consistent with the X(1835) observed  in J/ψ→γπ+π-η’ ; 
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X(1870) in J/ψ→ωηπ+π-  

f1(1285) η(1405) 

X(1870) 
7.2σ 

 PRL 107, 182001 (2011) • First observation of J/ψ→ωX(1870) 

and X(1870)→ 𝒂𝟎
±

(980)π∓ with the  

significance 7.2σ; 

• JPC is unknown; 

• M=1877.3±6.3(stat)+3.4
-7.4(syst) MeV/c2 

• 𝚪=57±12(stat)+19
-4.0(syst) MeV/c2; 

• f1(1285) and η(1405) are also observed 

with significances >10σ; 

• the product branching fractions for 

X(1870), f1(1285) and η(1405) are 

measured for the first time.  

Whether the resonant structure of 

X(1870) is due to the X(1835) , the  

η2(1870) , an interference of both, or a 

new resonance still needs further study! 
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X(1810) in PWA of J/ψ→γωϕ 

• J/ψ→γωϕ is double OZI suppressed; 

• The X(1810) is first observed by PWA at 

BESII [PRL 96, 162002 (2006) ] ; 

• X(1810) observed and confirmed at 

BESIII with the significance >30σ; 

• the JPC of the X(1810) is 0++ ; 

• The enhancement is not compatible with  

either the X(1835) or the X(p𝒑 )  due to the 

different masses and spin-parity. 

PRD 87, 032008(2013)  
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X(1840) in J/ψ→γ3(π+π-) 
PRD 88, 091502 (2013)  

• A structure at 1.84GeV/c2  is 

observed in the mass 

spectrum 3(π+π-) with a 

significance of 7.6σ; 

• JPC is unknown; 

• M=1842.2±4.2+7.1
-2.6 MeV/c2 ; 

      Γ=83±14±11 MeV/c2 ; 
 

 The mass is consistent with that of  X(1835), but the width 

is significantly different from either of them, and much 

smaller  than ΓX(1835) =190.1±9.0+38
-36 MeV/c2 ; 

 We cannot determine whether X(1840) is a new state  or a 

new decay modes of  existing X(1835);  



Comparison of X(18??) at BESIII 
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X(1840):  JP unknown, J/ψ→γ3(π+π-), PRD88,091502;  

X(1870): JP unknown, J/ψ→ωηπ+π- , PRL107, 182001; 

X(1835): JP =0- , J/ψ→γπ+π-η’ , PRL106, 072002 ; 

X(p𝒑 ): JP =0- , J/ψ→γp𝒑  , PRL108,112003; 

X(1810): JP = 0+ , J/ψ→γωϕ , PRD 87, 032008;  

X(18??) are near proton-antiproton threshold: 

• The X(1810) is not compatible with  either the X(1835) 

or the X(p𝒑 )  due to the different masses and JPC ; 

• X(p𝒑 ) may be the tail of X(1835); 

• X(1840) is in agreement with X(1835) and X(p𝒑 ), while 

its width is significantly different;  

• More studies are needed to confirm; 
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η(1405) in J/ψ→γ3𝛑 
PRL 108, 182001 (2012)  

The isospin violated decay  η(1405)→f0(980)π0 is 

observed for the first time with a significance >10σ. 

Large isospin breaking! 

f0(980)→π+π- f0(980)→π0π0 
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Y(2175) in J/ψ→𝛟ηπ+π-  

• First observed by Babar [PRD 74, 091103(2006)]  

and confirmed by Belle [PRD 80,031101(2009)] 

and BESII [PRL 100102003 (2008)] ; 

• Clear f0(980) signal at BESIII; 

• Observation of the Y(2175) resonance with 

significance >10σ; 

• The interference between Y(2175) and direct  

     three-body decay is 2.5σ; 

PRD 91,052017 (2015)   

s-quark counterpart of the Y(4260)? 

ss -gluon hybrid? Or excited ϕ state?  Tetraquark 

state? ΛΛ bound state? Ordinary ϕf0(980) resonance 

produced by interactions between the final state 

particles?  

also called ϕ(2170))  



PRD 87, 092009 (2013)   
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• 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)  

f0
* & f2

* states in PWA of J/𝛙→𝛄𝛈𝛈  
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f0
* & f2

* states in PWA of J/𝛙→𝛄𝛑0𝛑0  
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PRD 92, 052003(2015) 

• Model-independent PWA; 

• Provide a description of the 

scalar and tensor components 

of the π0π0 system; 

• 0++: σ(f0(500)), f0(1370), 

f0(1500), f0(1710), and f0(2020); 

 

• 2++: dominant by f2(1270); 
 

Nominal solutions 
Ambigous solutions 



Highlights of baryon spectroscopy at BESIII 
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𝚴* excited states 

𝚵*  excited states 



N* baryon in PWA of ψ’→p𝒑 𝛑0 
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PRL 110, 022001 (2013) 

• In this PWA, 7 N*  intermediate 

resonances are observed； 

• Two new baryonic excited states N(2300) 

(
𝟏

𝟐
+) and N(2570) (

𝟓

𝟐
−) are observed； 

• No clear evidence for N(1885) or N(2065) 

has been found; 
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𝚵* in 𝛙’→K-𝚲𝚵 ++c.c  & 𝛄K-𝚲𝚵 ++c.c  
PRD 91, 092006 (2015) 

Ξ(1690)− 

Ξ(1820)− 

• Evidence for  Ξ(1690) were found firstly 

in Kp reactions [PLB 80, 145 (1978)] , 

and BARBAR recently  assigned JP= (
𝟏

𝟐
)− 

[PRD 78, 034008  (2008)] ; 

• Clear evidence for Ξ(1820) observed in  

     KΛ mass spectrum [PLB 62, 477 (1976)] ; 

• Ξ(1690) and Ξ(1820) well established, but

 need further investigation; 

• Ξ(1690) and Ξ(1820)  are confirmed; 

• Mass and width consistent with PDG; 

• First observation in charmonium  

    decay; 
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Summary & Perspective 
 Based on the largest data sets of J/ψ, ψ(3686) collected at BESIII, the 

recent progresses in the light hadron spectroscopy are presented;  

 X(18??) states: X(p𝒑 ), X(1835), X(1870), X(1810), X(1840); 

 η(1405) : η(1405)→f0(980)π0 , isospin violated;  

 Y(2175) : confirm Y(2175), significance >10σ; 

 f0
* & f2

*  states: f0(1500), f0(1710), f0(2100), f0(2020); f2(1270), 

f2’(1525), f2(1810), f2(2340); 

 𝚴*: N(1440), N(1520), N(1535), N(1650), N(1720);  

     two new: N(2300), N(2570); 

 𝚵* : Ξ(1690) and Ξ(1820)  are confirmed in charmonium decay ; 

 BESIII provides the opportunity to make very precise studies of J/ψ, 

ψ(3686) decay, J/ψ, ψ(3686)  is excellent laboratory to study light 

hadron spectroscopy; 

 With the high statistics data accumulated at the BESIII, more 

interesting results are expected to be coming soon! 


