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Conventional hadrons:     Meson (a pair of quark-antiquark )     &     Baryon (three quarks) 
 
 
 
 
 

Exotic hadrons

Hadrons and exotic hadrons

2

quark model - lowest configuration

Long history of experimental efforts, no unambiguous 
examples of light hadrons with exotic nature 
๏ No solid signature of bluebells 

๏ Pentaquark state  appeared and disappeared 
๏ With exotic quantum numbers 
๏ With normal quantum numbers: hard to distinguish 

between conventional and exotic 

‣Need clear signature: e.g. charged  + heavy quarkonium 
in the final state 

Θ+
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Breakthrough in  systemQQ̄

Discovery of the X(3872) by Belle
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Discovery of the Y(4260) by BaBar

2005 Y(4260)2003

X(3872)

PRL91, 261001 (2003) published 2003 December 23 PRL95, 142001 (2005) published 2005 September 28
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Dedicated working group formed  
                                         [first meeting on 17 November 2010] 

๏ Regular discussion (every two weeks) 
๏ Hadronic transition, radiative transition, and open charm 

pair production [also Ds physics] 

‣ Benchmarks for key processes 

‣ Confidence at higher Ecm

ψ(4040) data
Proposed on 03 June 2010 
 
 
 
 
 
 
 
 

Approved on 25 October 2010
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[Shenyang]

[IHEP]

Data accumulation

[03/05/2011-01/06/2011]

470 pb-1 [482 pb-1]

RunNo: 23463-24141
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Initial plan: 600 pb-1 at 6 points from 4210 to 4460 MeV [30/11/2011, IHEP] 

XYZ working group for sensitivity study 

Modified to 500 pb-1 each at 2 points, 4260 and 4360 MeV  [01/03/2012-IHEP, 10/06/2012-Soochow]

Data sample at higher energies
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Proposed Approved
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Y(4260) and Y(4360) data
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[525 pb-1 in 30 days] 40x of CLEO-c data 
[14/12/2012-14/01/2013]

[539 pb-1 in 29 days] 
[26/01/2013-24/02/2013]
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Additional points due 
to good machine 

performance
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                         -15/01/2013

[539 pb-1 in 29 days] 
[26/01/2013-24/02/2013]

Additional points due 
to good machine 

performance



Yuping Guo (Fudan University) @ Celebration Ceremony of the 500 Publications of BESIII Collaboration

Y(4260) and Y(4360) data

6

[525 pb-1 in 30 days] 40x of CLEO-c data 
[14/12/2012-14/01/2013]

Celebration at the BEPC control room      
                         -15/01/2013

[539 pb-1 in 29 days] 
[26/01/2013-24/02/2013]

๏ Highest energy BEPCII ever reach 
๏ BEMS measures Ecm at 1MeV level 
๏ Low background, low noise, all sub-detectors excellent

Additional points due 
to good machine 

performance
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Excellent data quality

Data calibration, reconstruction, MC simulation were finished shortly after the data taking ... 

Production version was ready earlier March...
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D0 Kπ→ ISR ψ’

ΔMD=0.5 0.2 MeV 

σMD=6.0 0.1 MeV

±
±

ΔMψ’=0.2 0.1 MeV 

σMψ’=2.0 0.1 MeV

±
±
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Efficient working group & intensive discussion
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Discovery of Zc(3900) - Timeline
Jan. 14, 2013:  
      Data taking at 4260 MeV finished  
Feb., 2013:  
      Convincing evidence for the Zc(3900) 
Feb. 27- Mar. 1, 2013: [Tsinghua CM]  
      Discussions of the publication strategy 
Mar. 3, 2013:  
      First draft of the memo and paper 
Mar. 5, 2013:  
      Review committee formed  
      [Xinchou (ch), Yuanning, Fred, Matt] 
Mar. 4 - 7, 2013:  
      Many iterations on the paper draft; Cross checks  
      by many collaborators [dE/dx, Ecm, Luminosity,  
      other Ecm, neutral mode, ISR corrections, PWA]
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Mar. 18, 2013:  
      Referee-author meeting with extensive cross-checks 
Mar. 20 - 22,  2013:  
      Shorten collaboration-wide review 
Mar. 24, 2013:  
      Submission to the arXiv and PRL 
Mar. 27, 2013:  
      Special seminar at IHEP 
Mar. 28, 2013:  
      Celebration in the BESIII control room 
May 2, 2013:  
      Paper accepted by PRL  
Jun. 17, 2013: 
      Published, PRL110, 252001 (2013)
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e+e- π+π-J/ψ events→

Select 4 charged tracks and reconstruct J/ψ 
with lepton pair 

Only use MDC and EMC information, MC 
simulation reliable 

Very clean sample, high detection efficiency 

At least 4 independent analyses, all get 
similar results
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882 33  
sig. events

± 595 28 
sig. events

±

PRL110, 252001 (2013)
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Cross section of e+e- π+π-J/ψ→

11

BESIII result: σ(e+e- π+π-J/ψ) =(62.9 1.9 3.7) pb 
Consistent with BaBar and Belle results; Best precision

→ ± ±

PRD86, 051102 (2012)

PRL99, 182004 (2007)

PRL110, 252001 (2013)



Yuping Guo (Fudan University) @ Celebration Ceremony of the 500 Publications of BESIII Collaboration

)2) (GeV/cψJ/+πM(
3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2

 2
Ev

en
ts

 / 
0.

02
 G

eV
/c

0

20

40

60

80

100

)2) (GeV/cψJ/+πM(
3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2

 2
Ev

en
ts

 / 
0.

02
 G

eV
/c

0

20

40

60

80

100 Data
MC

)2) (GeV/cψJ/+πM(
3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2

 2
Ev

en
ts

 / 
0.

02
 G

eV
/c

0

20

40

60

80

100

(3900) MCcZ

Sideband

)2) (GeV/cψJ/-πM(
3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2

 2
Ev

en
ts

 / 
0.

02
 G

eV
/c

0

20

40

60

80

100

)2) (GeV/cψJ/-πM(
3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2

 2
Ev

en
ts

 / 
0.

02
 G

eV
/c

0

20

40

60

80

100 Data
MC

)2) (GeV/cψJ/-πM(
3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2

 2
Ev

en
ts

 / 
0.

02
 G

eV
/c

0

20

40

60

80

100

(3900) MCcZ

Sideband

0

1

2

3

4

5

2)2) (GeV/cψJ/+π(2M
10 11 12 13 14 15 16 17 18 19 20

2 )2
) (

G
eV

/c
- π+ π(2

M
0

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6

0

1

2

3

10 12 14 160

0.5

1

1.5

Dalitz plot and 1D projections
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PRL110, 252001 (2013)
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Significance > 8σ

PRL110, 252001 (2013) sub. 24/03/2013

The Zc(3900) signal
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PRL110, 252002 (2013) 
sub. 30/03/2013

ZC(3900) at Belle 

CLEO-c data 
@ 4.17 GeV

PLB, 727, 366 (2013) 
sub. 10/04/2013
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Physics Viewpoint: New particle hints at four-quark matter

Impact
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CERN Courier: BESIII observes new mystery particle 
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Four-Quark matter - Highlights of the year
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PRL112, 132001 (2014)

Zc(4025)

PRL112, 022001 (2014)

Zc(3885)

Neutral partners observed   
                                      isospin triplets 
Top cited physics papers at BESIII

⇒

Zc(4020)

PRL111, 242001 (2013)
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Zc states at a glance 
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first/2008

3.5σ

3.4σ

4.6 -neutralσ

2013

2008

2015

2018

2014

2008

2014

2021

2013

2021
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Zc states at a glance 
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first/2008

3.5σ

3.4σ

4.6 -neutralσ

2013

2008

2015

2018

2014

2008

2014

2021

2013

2021

Obs. Obs.
Evid.

TBF
TBF

Interpretation of all findings in one picture  big challenge! 

Great opportunity for study of hadron inner structure and binding force

⇒
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Thank you! 

谢谢！
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