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Beijing Electron Positron Collider(BEPC)

April 1983, the State Council officially approved the proposal to construct the 

Beijing Electron Positron Collider (BEPC)

October 1984, the groundbreaking ceremony for the BEPC project 



Bird view of BEPC



Upgrade in 1996-1998

（BESBESII）

BEPC constructed in 1984 –1988 

Beam energy: 1 – 2.8 GeV 

Run：Luminosity 1031cm-2s-1 @ 1.89GeV
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BEPCII and BESIII

• BEPC (Beijing Electron-Positron Collider)
– BESI/BESII detector worked on it from 1988 to 2004

– Beam energy: 1.5 - 2.8GeV

• BEPC  BEPCII
– Luminosity:

• 1.0×1031cm-2s-1  
 1.0×1033cm-2s-1

– Number of beam bunches: 

• 1 93

• BESIII: a new spectrometer to be working on BEPCII
– Very good energy and angle resolution for photon measurement

– Accurate 4-momenta measurement of charged particles with low 
momentum 

– Good hadron identification capabilities



BEPC II Storage ring: Large angle, 
double-ring 
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Beam energy: 

1-2 GeV

Luminosity: 

1×1033  cm-2s-1

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

SR mode:

0.25A @ 2.5 GeV



BESIII detector
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World largest data sample directly collected in the 
tau-charm region
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Physics accomplishments

τ mass measurement

Charm physics 

Hyperon physics

Exotic hadrons (Light hadron +XYZ states)



τ mass measurement



Lepton Universality relation

It should be ~1 if universality holds

PDG1992: 

τ mass: DASP, SPEC,DELCO,MARK-II

More likely τ mass come down in case of lepton 

universality 
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τ mass measurement
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Lepton universality !



PRD90,012001(2014)

τ mass measurement at BESIII
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A fine scan was performed again in 2018

~136pb-1

Expected to be < 0.1 MeV



Charm physics
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PRD89(2014)051104R

40921

2.93 fb-1 data@ 3.773 GeV

fD+(203.25.31.8) MeV |Vcd|0.22100.00580.0047

KLp+

D+
l+v at BESIII 
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BESIII’s contribution to |Vcs(d)|

After combining  Ds
+
t+v |Vcs|, the weight of BESIII will be greater than 50%



Hyperon physics
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 polarization in J/ψ  

G. Faldt EPJA51,74(2015), A52,141(2016)

20

Transition between e+e- and   including helicity conserving and –flip amplitudes 
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A typical J/ψ   event

22
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420,593 

47,009 

1.3 B J/y eventsJ/ψ  
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First observation  polarization in J/ψ  

Decay asymmetry

Nature physics (2019) arXiv:1808.08917
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D. Ronchen’s talk at NSTAR2019

D.G. Ireland’s talk at NSTAR2019 
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Goran Fald, arXiv:1709.0180

c decay asymmetry parameters
arXiv:1905.04707, submitted to PRL
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c signals  567fb-1 @4.6 GeV
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No evident c polarization 



Systematic studies of c
+, search for new decays, absolute BF 

measurements are important to explore c
+ decay mechanisms 29

 c
+ was observed in 1979

 Only about 60% decays are known

 All decays of c
+ were measured with 

high energy data and relative to pK-p+, 
which suffers an error of 25%. No 
absolute measurement using threshold 
c

+ data

c decay before 2014
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BESIII, PRL116(2016)052001

Much better precision

DT: ~1000
ST: ~15000

c
+  hadronic decays
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PLB767(2017)42

PRL115(2015)221805

LQCD results : consistent with 

BESIII

04.016.096.0
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Semi-leptonic decay c
+
l+v

Lepton universality: 



32

Absolute measurement of Λ𝑐 → Λ + 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔
PRL 121, 062003 (2018)

PDG: (3311)%

Sum of excl. decays: ~25%, 13% of them still unknown
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BESIII open a new window to study 
𝚲𝐜
+decays

Larger threshold 𝚲𝐜
+ data at BESIII



Exotic hadrons



Quark Model

QCD allows for hadrons beyond Quark Model 

35

Conventional & Exotic hadrons

dibaryon Pentaquark tetraquark

hybrid                glueball molecule

baryon          meson



Threshold enhancement in J/y → pp

M = 1859              MeV/c2

 < 30 MeV/c2 (90% CL)

+3    +5

-10  -25

Baryonium ?? New decay modes ?

PRL91, 022001 (2003) 

JPC=0-+
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The p+p- mass spectrum for 

decaying into p+p- and  

Observation of X(1835) at BESII

PRL95, 262001 (2005)

X(1835) same as pp mass threshold enhancement? 

M = 1833.76.12.7 MeV/c2

 =67.720.3 7.7 MeV

5.1 

6.0
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X(1835)

PRL 106, 072002 (2011)

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

Confirmation of X(1835) at BESIII
X(1835) in J/yp+p-



Observation of X(1840) in J/y3(p+p-)

M=1842.2±4.2 +7.1
-2.6 MeV/c2

Γ = 83±14±11MeV

39

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 modes of X(1835)? 

PRD 88, 091502 (2013)

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.091502


Phys.Rev.Lett. 115 091803(2015)

X(1835)→𝐾𝑆𝐾𝑆𝜂

M=1844±9−25
+16 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/yKsKsη

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-+



41

Latest result on X(1835) from J/yp+p-

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 !



X(3872) Belle

X(3872) CDF, D0

X(3915) [as Y(3940)] Belle

Y(4260) BaBar
cc2(2P) [as Z(3930)] Belle

X(3940), Y(4008), Y(4660) Belle
Y(4360) BaBar
Y(4360) Belle

X(3940)
X(3915) [as Y(3940)] BaBar

Z+(4050), X(4160), Z+(4250),

Z+(4430), X(4630) Belle
Y(4140) CDF

X(3915), X(4350), Yb(10888) Belle
cc2(2P) [as Z(3930)] BaBar

Y(4274) CDF
X(3915) BaBar
Zb

+(10610) Belle
Zb

+(10650) Belle
X(3823), Zb

0(10610) Belle

Zc
+(3900), Zc

+(4020) BESIII
Zc

+(3900) Belle
Zc

0(3900) CLEO-c
Zc

0(4020) BESIII

Y(4140) D0, CMS
Y(4274) CMS
Y(4660) BaBar
Zc

+(4020) BESIII

Z+(4200) Belle
Z+(4240) LHCb
Z+(4430) LHCb
X(3823), Zc

0(3900), Zc
0(4020) BESIII

Zc
+(4055) Belle

Y(4230) BESIII
Pc

+(4380), Pc
+(4450) LHCb

Yb(10880) NOT Belle

X+(5568) D0

X+(5568) NOT LHCb
Y(4140), Y(4274) LHCb
X(4500), X(4700) LHCb
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Belle                

Observed Confirmed

Y(4260) CLEO-c

PPNP,143(2017), Phys.Rept.1(2016)
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BESIII: 525pb-1@4.26 GeV

Significance 
>8

• M = 3899.03.64.9 MeV
•  = 461020 MeV

PRL110, 252001 (2013)

Observation of Zc(3900) in e+e-  p+p-J/ψ

Confirmed by Belle and CLEOc: established! 

PWA indicates JP=1+

PRL119, 072001(2017)

mailto:0.5fb-1@4.26
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PRL110, 252001 (2013)
PRL115, 112003 (2015)
PRL111, 242001 (2013)
PRL113, 212002 (2014)
PRL112, 022001 (2014)
PRL115, 222002 (2015)
PRL112, 132001 (2014)
PRL115, 182002 (2015)
PRL119, 072001 (2017)

Zc(3900), Zc(4020)
e+e-  p+p-J/ψ e+e-p+p-hc

e+e-p0p0hc

e+e-p- (D*D)+

e+e-p0(D*D)0

e+e-p- (D*D*)+

e+e-p0 (D*D*)0e+e-p0p0J/ψ

Observed in different processes

Zc(3900): JP favors 1+

Strongly coupling DD*,D*D*

Molecule states ?

Two isospin triplets established !

Zc(4025)Zc(3885)

Zc(4020)

Zc(3900)

_ _
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Evidence of Zc(3900)  c



Charge structure in 𝑀(𝜋±𝜓 3686 )

46

Zc(4030) in 𝐞+𝐞− → 𝝅+𝝅−𝝍(𝟑𝟔𝟖𝟔)

PRD96,032004(2017)

Belle

Mass = (𝟒𝟎𝟑𝟐. 𝟏 ± 𝟐. 𝟒) MeV/c2

Width = (26.1±5.3) MeV

Mass = (𝟒𝟎𝟓𝟒 ± 𝟑 ±1) MeV/c2

Width = (45±11±6) MeV

Phys. Rev. D 91, 112007 (2015) 
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DD*
_

J/y
y(2S)

J/y wJ/y

X(3872) 
Properties

M-M(D0D*0)=0.010.18 MeV

<1.2 MeV I=0, JPC=1++

I=0， JPC=1++

Production

B decays,  hadron collisions, 

Y(4260)  decays?,?

PRL122, 232002 (2019)
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Observation of X(3872) wJ/y
PRL122, 232002 (2019)



Y(4260)
PRL95, 142001 (2005)

-9

1- -

A shoulder around  4.3 GeV is observed (7.9).  A new state? 

J/ψ

Fit results: Y(4220) and Y(4360)
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e+e-→p+p-ψ(2S)

 Line-shapes are  different from that of p+p-J/ψ
 Both Y(4220) and Y(4360) seem significant 

e+e-pphc

PRL111,242001

PRD96,032004

e+e-wccoPRL114,092003

e+e-→p+D0D*-
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Upgrades on BEPCII/BESIII

Beam energy

Ebeam = 2.32.35 GeV in 2019

Ebeam = 2.352.45 GeV in 2020-21

Top-up injection 

Data taking efficiency increases by 20-30%

Inner tracker CGEM inner tracker

Construction by Italian group 

Will be shipped to IHEP this summer, installation in 
summer 2020

Super conducting magnet 

New valve box of SC magnet 



~30 (10) years of BEPC(II)/BES(III)

1988: First collision at BEPC/BES

2008: First collision at BEPCII/BESIII 

Lots of important results were achieved

Mass measurement 

R-value measurement 

Charm physics

Exotic hadrons

…….

Summary 

Competitions from LHCb, BelleII

Will continue to play an vital role in tau-charm physics
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B
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More important results are expected from BESIII !



Thank you !


