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 Beam energy:

1.0-2.3 GeV

 Design Luminosity:

1×1033  cm-2s-1

 Achieved Luminosity:

 0.85×1033  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

 Circumference:

237m
e-

e+

BEPCII Storage Rings

Beijing Electron-Positron Collider II
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 Charmonium Physics

 D-Physics

 Light Hadron Spectroscopy

 -Physics

 ...

Physics program

The BESIII Spectrometer @ IHEP

BEijing Spectrometer III

e+e- collisions

S tuned depending on energy

D.M. Asner et al, Physics at BES-III, arXiv:0809.1869v1 [hep-ex] (2008) 
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From PDG

BEPCII can reach here!

BESIII Production of Charmonium(like) states
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BESIII Production of Charmonium(like) states

From PDG

BEPCII can reach here!

1.3 X 109 3773

2.9 fb-1
6 X 108 4040

0.5 fb-1

4415

1 fb-1

4600

0.5 fb-1

4360

0.5 fb-1

4230  4260

2.3 fb-1

• 3554 MeV: 0.024 fb-1  mass

• 4100  4400 MeV: 0.5 fb-1 coarse scan

• 3850  4590 MeV: 0.5 fb-1 fine scan
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Observation of a charmonium like structure:
Zc(3900)

±

• 2013: 515 pb-1 @ 4260 MeV

• e+e-  +-J/ψ

• Dominant background e+e-+-+-

• J/ signal: [3.08,3.12] GeV

• J/ sideband: [3.0,3.06] GeV or [3.14,3.20] GeV

• Structure seen: Zc(3900)± -> π± J/ψ

PRL 110, 252001
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PRL 110, 252001

Dalitz Plots and 1D Projections
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BESIII: e+e- -> π+π-J/ψ @ 4.26 GeV

PRL 110, 252001

 S-wave Breit-Wigner with efficiency correction
 Mass  =  (3899.0±3.6±4.9) MeV
 Width =  (46±10±20) MeV
 Fraction = (21.5±3.3±7.5)%

• Couples tocc
• Has electric charge
• At least 4-quarks
• What is its nature?

Zc(3900)±Significance >8



Belle
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M  = (3885±5±1) MeV/c2

G  =  (34±12±4) MeV/c2

81±20 events

6.1

hep-ex:1304.3036

K. Seth & co. @ 4.170 GeV

PRL 110, 252002

BESIII: e+e- -> π+π-J/ψ @ 4.26 GeV

PRL 110, 252001
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BESIII: Zc Results

4.23+4.26+4.36 GeV
4.23+4.26 GeV

Preliminary Preliminary

PRL 110, 252001

PRL 111, 242001

PRL 112, 022001

PRL 112, 132001PRL 113, 212002

PRL 112, 022001

e+e- -> π+π-J/ψ @ 4.26 GeV

e+e--> -+(D*D*)±+c.c. @ 4.26 GeV

e+e- -> -(DD*)++c.c. @ 4.26 GeV

e+e- -> π0π0hc @ 4.23,4.26,4.36 GeVe+e- -> π+π-hc @ 4.23,4.26,4.36 GeV

e+e- -> π0π0J/ψ
@ 4.23,4.26,4.36 GeV
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 The observed charmonium-like states Y(4260), Y(4360), 
and Y(4660) can not interpreted as conventional 
charmoniums.

 New decay modes searching and the line shape 
measurement is useful for understanding the nature of 
these Y-states.  

 Hadronic transitions (by an η or π0 ) to lower charmonia 
like J/ are regarded as sensitive probes to study the 
properties of these Y-states. 

 Nature of these Y-states:

hybrids ?

tetraquarks?

hadro-charmonium?

hadronic molecule?

Above 4 GeV



PRL 110, 252001

e+e- -> π+π-J/ψ @ 4.26 GeV
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BESIII: Cross Sections Results
BESIII Preliminary!

e+e- -> π0π0J/ψ @ 4.19-4.31 GeV

e+e--> -+(D*D*)±+c.c. @ 4.26 GeV

D*Dπ CLEO-c [PRD 80, 072001]

D*D*π CLEO-c [PRD 80, 072001]

D*D*π BES3

PRL 112, 132001 PRL 111, 242001

(ee→ hc)

(ee→00 hc)

preliminary

e+e--> ηJ/ψ @ 3.81-4.31 GeV

PRD 87, 051101
PRD 86, 071101

BESIII Preliminary!

BESIII Preliminary!

e+e- -> π+π-hc @ 4.23,4.26,4.36 GeV
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BESIII: e+e--> ωχCJ @ 4.21-4.42 GeV

 The mass of Y(4260) is very close to  cJ mass threshold

 Observation of c0 at  4230, 4260 MeV data 

 No evidence at 4360MeV

 Line shape seems inconsistent with Y(4260)

 BW fitting: a narrow structure around 4230MeV. 

Ecm=4230 MeV

Ecm=4260 MeV

A fine structure at 4230MeV? 

M  =  (4229±11±6) MeV/c2

G =  (40±14±2) MeV/c2

PRL 114 (2015) 9, 092003
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BESIII: e+e--> π+π-X(3823) -> γχC1,2 @ 4.19-4.60 GeV

BESIII Preliminary!
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BESIII: e+e--> π+π-X(3823) -> γχC1,2 @ 4.19-4.60 GeV
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BESIII: e+e--> π+π-X(3823) -> γχC1,2 @ 4.19-4.60 GeV

BESIII Preliminary!



J/ψ Strong and Electromagnetic Decay Amplitudes

Resonant contributions

ΓJ/ψ ~ 93KeV  → pQCD

pQCD: all amplitudes almost real [1,2]

QCD -> Фp ~ 10° [1]

Non-resonant continuum
pQCD regime

AEM 
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[1] J. Bolz and P. Kroll, WU B 95-35.
[2] S.J. Brodsky, G.P. Lepage, S.F. Tuan, Phys. Rev. Lett. 59, 621 (1987).

Strong → A3g

Electromagnetic → Aγ

Non-resonant Continuum → AEM

hadrons

hadrons

hadrons



J/ψ Strong and Electromagnetic Decay Amplitudes

• If both real, they must interfere (Фp ~ 0°/180°)

• On the contrary Фp ~ 90° → No interference

J/ψ → NN (½+½-)  Фp = 89° ± 15° [1]; 89° ± 9°[2]

J/ψ → VP (1-0-)    Фp = 106° ± 10° [3]

J/ψ → PP (0-0-)    Фp = 89.6° ± 9.9° [4]

J/ψ → VV (1-1-)    Фp = 138° ± 37° [4]

• Results are model dependent

• Model independent test:

interference with the non resonant continuum

[1] R. Baldini, C. Bini, E. Luppi, Phys. Lett. B404, 362 (1997); R. Baldini et al., Phys. Lett. B444, 111 (1998)
[2] J.M. Bian et al., J/ψ -> ppbar  and J/ψ -> nnbar measurement by BESIII, to be published on PRD
[3] L. Kopke and N. Wermes, Phys. Rep. 174, 67 (1989); J. Jousset et al., Phys. Rev. D41,1389 (1990).
[4] M. Suzuki et al., Phys. Rev. D60, 051501 (1999).
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Simulated Yields for e+e--> pp

continuum reference
σ ~ 11 pb

beam energy spread + 
radiative corrections

(to be optimized)

no corrections beam energy spread
(0.93 MeV)

Δφ = 0°

Δφ = 90°

Δφ = 180°
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Summary

• Studies on X, Y, and Z states are ongoing

• Many new results from experimental data

• Extremely good precision

Next plans

• Collect data at higher energies to complete scans

• Higher luminosity expected from BEPCII

• Many analysis are ongoing

Stay tuned

• Many new exciting results on their way

20
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Backup Slides
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MDC:  small cell & He gas
xy= 130 m
p/p = 0.5% @1GeV
dE/dx = 6% 

EMC:   CsI crystals, 28 cm
E/E  = 2.5% @1 GeV
z = 0.6 cm/E

TOF:
T =  80 ps  Barrel

110 ps  Endcap

Magnet:  1T Superconducting

Muon:  9 layer RPC

Trigger: Tracks & Showers
Pipelined; Latency = 2.4 ms

Data Acquisition:
Event rate = 3 kHz
Thruput ~ 50 MB/s

Zero Degree Detector (ISR)

BESIII Detector
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2.9 fb-1 / 20 fb-1

0.6 B / 3 B (106 M)

1.3 B / 10 B (225 M)

BESIII Data Set
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BESIII Data Taking
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BESIII Data Taking
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The Zc(3900) signal



σ(e+e-→ - Zc(3885)+ × Zc(3885)+ → (DD*)+  +c.c.) = (83.5±6.6±22.0) pb

Γ(Zc(3885) → D*D*)
R =                                       = (6.2±1.1±2.7)

Γ(Zc(3900) →  J/ψ)

Zc(3885) ang. dist. favours JP = 1+

disfavours 1- e 0 -

M  =  (3883.9±1.5±4.2) MeV/c2

G =  (24.8±3.3±11.0) MeV/c2

>18

525 pb-1 data @ 4260 MeV

BESIII: e+e-->Zc(3885)->-(DD*)++c.c. @ 4.260 GeV

PRL 112, 022001
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BESIII: e+e-->Zc(4025)->-(D*D*)++c.c. @ 4.260 GeV

M  =  (4026.3±2.6±3.7) MeV/c2

G =  (24.8±5.7±7.7) MeV/c2

>10
σ(e+e-→ - (D*D*)++c.c.) = (137±9±15) pb

σ(e+e-→ -Zc
+→ - (D*D*)++c.c.)

R =                                                      = (65±9±6)%
σ(e+e-→ - (D*D*)++c.c.)

PRL 112, 132001



4.23+4.26+4.36 GeV

4.23+4.26 GeV

Simultaneous fit to 4.26/4.36 GeV data and 16 c decay modes. 

M  =  (4022.9±0.8±2.7) MeV/c2

G =  (7.9±2.7±2.6) MeV/c2

>8.9

σ(e+e-→πZc(4020)→π+π-hc)
σ(4.23 GeV) = (8.7±1.9±2.8±1.4) pb

σ(4.26 GeV) = (7.4±1.7±2.1±1.2) pb

σ(4.36 GeV) = (10.3±2.3±3.1±1.6) pb
B((hc→γηc) 

4.26 GeV:

σ(e+e-→πZc(3900) + π- →π+π-hc ) = < 11 pb (90% C.L.)

PRL 111, 242001

BESIII: e+e-->Zc(4020)->π
+-hc @ 4.23/4.26/4.36 GeV
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• all collected energies

[3.900  4.420 GeV]

• hc → gc, c → hadrons

[16 exclusive decay modes]

BESIII: e+e-->Zc(4020)->π
+-hc @ 4.23/4.26/4.36 GeV
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BESIII: e+e-->Zc(4020)
0->π00hc @ 4.23/4.26/4.36 GeV

Preliminary

 2.8fb-1 data at 10 energy points from 42304420 MeV

 Zc(4020)0  is observed clearly at: Ecm=4230, 4260, 4360MeV

An isospin triplet for 
Zc(3900) 

has also been observed

M          =  (4023.6±2.2±3.9) MeV/c2

M          =  (4022.9±0.8±2.7) MeV/c2

Γ fixed @  Γ

>5

Zc(4020)0 Zc(4020)

Zc(4020)0

Zc(4020)

hc

(ee→ hc)

(ee→00 hc)
Preliminary

BESIII Preliminary!



BESIII: e+e--> π0Zc
0(3900) -> π0π0J/ψ @ 4.19-4.42 GeV

BESIII Preliminary!

We extract the Zc
0(3900) parameters and 

yield by performing a simultaneous fit to the 

π0J/ψ invariant mass distributions for three 

subsamples: 4230 MeV, 4260 MeV and 4360 

MeV. 

Signal: BW convolved with 3-Gaussian

Bg: Argus, float all parameters except m0

Mass = 3894.8±2.3 MeV

Width = 29.6±8.2 MeV 

Significance = 10.4 
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BESIII Preliminary!

To determine the yields of Zc
0(3900), at  10 energy 

points a simultaneous fit is performed to the π0J/ψ 

spectra for each of the ten energy points.

Signal: BW convolved with 3-Gaussian, parameters are 

fixed to the overall fit.

Bg: Argus, m0 are fixed based on beam energy. The 

slope and power are floated, but the same for all points.
33

BESIII: e+e--> π0Zc
0(3900) -> π0π0J/ψ @ 4.19-4.42 GeV
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BESIII Preliminary!

To obtain the yields of π0π0J/ψ, a simultaneous fit is 

made to the J/ψ spectra at all ten energy points.

Signal: BW convolved with D-Gaussian instrument 

resolution (same for all energy points)

Bg: 1st ordered poly.

(same for all energy points)

BESIII: e+e--> π0Zc
0(3900) -> π0π0J/ψ @ 4.19-4.42 GeV
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BESIII Preliminary!

BESIII: e+e--> π0Zc
0(3900) -> π0π0J/ψ @ 4.19-4.31 GeV
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BESIII: Cross Sections Results

PRL 110, 252001

σ (π+π-J/ψ) = (62.9±1.9±3.7) pb

σ (π+π-J/ψ) = (61.17±8.98±~7.5%) pb

Zc  R = (21.5±3.3±7.5)%

e+e- -> π+π-J/ψ @ 4.26 GeV

BESIII Preliminary!

e+e- -> π0π0J/ψ @ 4.19-4.31 GeV

BESIII 
preliminary

7 energy points

Zc0/Zc± R = (21.5±3.3±7.5)%

Belle [PRL 110, 252002]

BESIII



σ(e+e-→ - Zc(3885)+ × Zc(3885)+ 

→ (DD*)+  +c.c.) = (83.5±6.6±22.0) pb

Γ(Zc(3885) → DD*)
R =                                   = (6.2±1.1±2.7)

Γ(Zc(3900) →  J/ψ)

BESIII: DDbar Results

PRL 112, 022001

e+e- -> -(DD*)++c.c. @ 4.26 GeV

PRL 112, 132001

σ(e+e-→ - (D*D*)++c.c.) = (137±9±15) pb

σ(e+e-→ - (D*D*)++c.c.) = (332±67±80) pb

σ(e+e-→ -Zc
+→ - (D*D*)++c.c.)

R =                                                      

= (65±9±6)%

σ(e+e-→ - (D*D*)++c.c.)

e+e--> -(D*D*)++c.c. @ 4.26 GeV

D*Dπ CLEO-c [PRD 80, 072001]

D*D*π CLEO-c [PRD 80, 072001]

D*D*π BES3



BESIII: hc Results

σ(e+e-→πZc(4020)
±→π+π-hc)

σ(4.23 GeV) = (8.7±1.9±2.8±1.4) pb
σ(4.26 GeV) = (7.4±1.7±2.1±1.2) pb

σ(4.36 GeV) = (10.3±2.3±3.1±1.6) pb

σ(4.26 GeV) = < 11 pb (90% C.L.)

PRL 111, 242001

σ(e+e-→πZc(3900)→π+π-hc)

(ee→ hc)

(ee→00 hc)

BESIII Preliminary!

σ(4.23 GeV) = (6.5±2.2±0.7±1.0) pb
σ(4.26 GeV) = (8.5±2.9±1.1±1.3) pb

σ(4.36 GeV) = (9.9±4.1±1.3±1.5) pb

σ(e+e-→πZc(4020)
0→π0π0hc)

10 energy points13 energy points

BESIII 
preliminary
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BESIII: e+e- -> ηJ/ψ, π0J/ψ @ 4.009 GeV

J/ψ -> l+l-

η/π0 -> γγ

J/ψ -> μ+μ-

η from J/ψ -> μ+μ-

J/ψ -> e+e-

Statistical 
significance:
η ~ 10 σ
π0 ~ 1.1 σ

Cross sections:
σ (e+e- -> ηJ/ψ) = (32.1 ± 2.8 ± 1.3) pb
σ (e+e- -> π0J/ψ) = 1.6 pb (90% CL)
upper limit

CLEO not contraddicted (PRL 96, 162003)

PRD 86, 071101
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BESIII: e+e--> ηJ/ψ @ 3.81-4.31 GeV

BESIII Preliminary!

BESIII 
preliminary

BESIII 
preliminary

BESIII 
preliminary

BESIII 
preliminary
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BESIII: e+e--> ηJ/ψ @ 3.81-4.31 GeV

BESIII Preliminary!

 Signal: 
MC simulated shape.

Background: 
Polynominal fuction.

BESIII 
preliminary

BESIII 
preliminary

BESIII 
preliminary

BESIII 
preliminary
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The measured σ(e+e-→η J/ ) agree with previous results but with improved 
accuracy. 

 The cross section peaks around 4.2 GeV.

preliminary

BESIII: e+e--> ηJ/ψ @ 3.81-4.31 GeV

BESIII Preliminary!

BESIII 
preliminary

PRD 87, 051101
PRD 86, 071101
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BESIII: e+e--> ωχCJ @ 4.21-4.42 GeV

Preliminary

Preliminary

 The mass of Y(4260) is very close to  cJ mass threshold

 Observation of c0 at  4230, 4260 MeV data 

 No evidence at 4360MeV

 Line shape seems inconsistent with Y(4260)

 BW fitting: a narrow structure around 4230MeV. 

Ecm=4230 MeV

Ecm=4260 MeV

Preliminary

A fine structure at 4230MeV? 

Preliminary

M  =  (4229±11±6) MeV/c2

G =  (40±14±2) MeV/c2

BESIII Preliminary!
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BESIII: e+e--> π+π-X(3823) -> γχC1,2 @ 4.19-4.60 GeV

BESIII Preliminary!ψ(13D2) candidate

• Assume ππ system is dominant by f0(500)

• Many new exciting results on their way
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BESIII: e+e-->Zc(3885)->-(DD*)++c.c. @ 4.260 GeV

BESIII Preliminary!
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BESIII: e+e-->Zc(4020)
0->π00hc @ 4.23/4.26/4.36 GeV

Preliminary

 2.8fb-1 data at 10 energy points from 42304420 MeV

 Zc(4020)0  is observed clearly at: Ecm=4230, 4260, 4360MeV

An isospin triplet for 
Zc(3900) 

has also been observed

M          =  (4023.6±2.2±3.9) MeV/c2

M          =  (4022.9±0.8±2.7) MeV/c2

Γ fixed @  Γ

>5

Zc(4020)0 Zc(4020)

Zc(4020)0

Zc(4020)

hc

(ee→ hc)

(ee→00 hc)
Preliminary

BESIII Preliminary!
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BESIII: e+e--> π+π-X(3823) -> γχC1,2 @ 4.19-4.60 GeV

BESIII Preliminary!
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BESIII: e+e--> π+π-X(3823) -> γχC1,2 @ 4.19-4.60 GeV

BESIII Preliminary!ψ(13D2) candidate



Investigated Processes

 Exclusive scenario: could see interference effects

• e+e+ -> J/ψ -> pp, nn NN

BR ~ 2.17x10-3 σcont~ 11 pb

• e+e- -> J/ψ -> ρπ VP  

BR ~ 1.69% σcont~ 20 pb

• e+e- -> J/ψ -> 2(π+π-)π0

BR ~ 5.5% σcont~ 500 pb
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