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Charmonium and XYZ states 

X(3872) 

XYZ(3940) 

Y(4260) 
Y(4360) 

 
Zc(3900) 

 
X(3915) 
X(4160) 
Y(4008) 
Y(4140) 
X(4350) 
Y(4660) 

Z(4430) 
Z(4250) 
Z(4050) 

… 

What are they ? 
 
 
 
 
 
 
 
 
 
Charmonium? 
Hybrid? 
Tetraquark? 
Molecule? 
… 

Not an obvious charmonium state, 
but charmonium in the final state. 
(charmoniumlike or XYZ)。 



Beijing	
  Electron	
  Positron	
  Collider	
  (BEPC	
  II)�

4�

Linear�

e+ 

e- 
BESIII	
  

First	
  physics	
  run	
  starts	
  
from	
  2009	
  !�

Double	
  ring:	
  
	
  	
  	
  	
  Symmetric	
  collider	
  
CMS	
  energy:	
  	
  
	
  	
  	
  	
  	
  2.0	
  -­‐	
  4.6	
  GeV	
  	
  
Design	
  Luminosity	
  @	
  ψ(3770):	
  	
  	
  
	
  	
  	
  	
  1×1033	
  	
  cm-­‐2s-­‐1	
  
(70%	
  achieved,	
  ~20	
  pb-­‐1	
  /day)	
  



What	
  do	
  we	
  do	
  at	
  BESIII?	
  

5	
  

1.3	
  Billion	
   0.4	
  Billion	
   2.9	
  h-­‐1	
  

Light	
  hadrons	
  +	
  charmonium	
  decay	
  +	
  D	
  meson	
  

•  High	
  potenJal	
  in	
  studying	
  XYZ	
  parJcles	
  above	
  threshold	
  !	
  
•  Huge	
  data	
  near	
  4.26	
  GeV,	
  4.36	
  GeV…	
  

See	
  J.	
  F.	
  Hu’s	
  talk	
  



New	
  XYZ	
  data	
  at	
  BESIII	
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•  ~3 fb-1 data above 4 GeV 
•  4.009 & 4.230 GeV 
•  4.260 & 4.360 GeV 



I.	
  Discovery	
  of	
  Zc(3900)	
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e+e-àπ+π-J/ψ	
  at	
  BESIII�

1.  Lum=525 pb-1 @ 4.26 GeV at BESIII 
2.  N(µ+µ-)=882±33; N(e+e-)=595±28. 
3.  Born cross section: σB=(62.9±1.9±3.7) pb @ BESIII. 
4.  Good agreement with Belle and BaBar. 
5.  Analysis is valid and unbiased. 

PRL 110,252001 (2013).�
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Charged	
  state——Zc(3900)�
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•  Requiring J/ψ mass window: [3.08,3.12] GeV, we have 1595 
signal events, with purity ~90%. 

1.  New	
  charged	
  resonance,	
  exoJc	
  4	
  quark	
  hadron?!	
  	
  
2.  Fit	
  Mmax(π±J/ψ)	
  mass	
  distribuJon;	
  avoid	
  cross	
  counJng	
  
3.  S-­‐Wave	
  Breit	
  Wigner;	
  phase	
  space	
  factor;	
  efficiency	
  corrected.	
  
4. M=(3899.0±3.6±4.9)MeV; Γ=(46±10±20)MeV.	
  
5.  StaJsJcal	
  significance:	
  >8σ,	
  discovery!� 9	
  



Good	
  News�
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1.  CLEO’s	
  data:	
  M=3886±6±4	
  MeV,	
  
Γ=33±6±7	
  MeV.	
  

2.  Belle:	
  M=(3894.5±6.6±4.5)	
  MeV;	
  
Γ=(63±24±26)	
  MeV.	
  

3.  BESIII:	
  M=(3899.0±3.6±4.9)	
  MeV;	
  
Γ=(46±10±20)MeV	
  

4.  Zc(3900)=Z(3900)±.	
  

CLEO’s data @ �

PLB 727(2013) 366�
4.17 GeV�

PRL 110, 252002 (2013) 

PRL 110, 252001 (2013) 



ExoJc	
  hadron	
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•  Solid evidences from several experiments for the 
observation of  Zc(3900) at the same time ! 

•  Wide discussions about its nature. 



II.	
  e+e-àπ+(DD*)-+c.c.	
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e+e-­‐àπ+(DD*)-�

π+D0 tag �
π-D+ tag �

•  Lum=525 pb-1 data @ 4.26 GeV, Peak near threshold. 
•  Angular distribution (πD) disfavor DD1 component.  
•  Fit with mass dependent BW, report pole position. 
•  Polynomial background. 
Zc(3885)=Zc(3900)	
  
ProducJon	
  rate	
  are	
  much	
  
higher	
  than	
  π±J/ψ	
  !	
   13	
  

PRL 112, 022001 (2014)  



Spin-­‐Parity	
  of	
  Zc(3885)	
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JP	
   L	
   dN/d|cosθπ|	
  

1+	
   S-­‐wave	
   flat	
  

0-­‐	
   P-­‐wave	
   sin2θπ	
  

1-­‐	
   P-­‐wave	
   1+cos2θπ	
  

Favor	
  JP=1+	
  

PRL	
  112,	
  022001	
  (2014)	
  	
  

1+	



0-	


1-	





III.	
  e+e-àπ±Zc(4025)/Zc(4020)	
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  �
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e+e-→ π- (D*D*)++c.c. at BESIII 
•  827 pb-1 data at Ecm=4.26 GeV 
•  Tag a D+ and a bachelor π-, reconstruct one π0 to suppress 

the background. 



e+e-→ πZc(4025) àπ- (D*D*)++c.c. 

Fit to π± recoil mass (RM) yields 401±47 Zc(4025) events.  
M[Zc(4025)] =(4026.3±2.6±3.7) MeV;  Γ[Zc(4025)] =(24.8±5.6±7.7) MeV 

Significance	
  >10σ  

PRL112,132001 (2014)�
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e+e-­‐àπ+π-­‐hc	
  
4.26	
  GeV	
  

1.	
  Good	
  e+e-àπ+π-hc	
  signal,	
  with	
  hcàγηc	
  &	
  ηcà16	
  exclusive	
  
channels.	
  
2.	
  hc	
  signal	
  region:	
  [3.518,	
  3.538]	
  GeV,	
  sideband:	
  [3.49,	
  3.51]	
  &	
  
[3.56,	
  3.58]	
  .	
  
3.	
  Events	
  accumulate	
  around	
  M(π±hc)~16	
  GeV2	
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e+e-­‐àπ+Zc(4020)	
  

1.  1D	
  projecJon	
  of	
  M(π±hc)	
  invariant	
  mass	
  distribuJon.	
  
2.  Signal:	
  BW	
  funcJon	
  convolving	
  Gaussian+bkg;	
  efficiency	
  has	
  

been	
  applied;	
  phase	
  space	
  included.	
  
3. M[Zc(4020)]=(4022.9±0.8±2.7)	
  MeV;	
  Γ[Zc(4020)]=(7.9±2.7±2.6)	
  

MeV.	
  
4.  Significance:	
  >8.9σ	





IV.	
  Y(4260)àγX(3872)/ωχc0	
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e+e-àγ(π+π-J/ψ)	
  at	
  BESIII	
  

Ecm=4.009 GeV Ecm=4.230 GeV 

Ecm=4.260 GeV 
Ecm=4.360 GeV 

ISR ψ(2S) ISR ψ(2S) 

ISR ψ(2S) ISR ψ(2S) 



Y(4260)àγX(3872)	
  

22	
  

Fit	
  with:	
  
1.  Y(4260):	
  χ2/ndf=0.49/3	
  
2.  E1	
  PHSP:	
  χ2/ndf=8.7/3	
  
3.  Linear:	
  χ2/ndf=5.5/2	
  

M=(3871.9±0.7±0.2)	
  MeV	
  
Γ<2.4	
  MeV	
  
Significance:	
  6.3	
  σ	



PRL112,	
  092001(2014)	
  



e+e-àωχc0	
  at	
  Ecm=4.23	
  &	
  4.26	
  GeV	
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Preliminary	
  
•  ωàπ+π-π0,	
  	
  	
  	
  

χc0àπ+π-/K+K-	



•  ω	
  are	
  required	
  
to	
  be	
  in	
  signal	
  
region.	
  

	



Ecm=4.230 GeV Ecm=4.230 GeV 

Ecm=4.260 GeV Ecm=4.260 GeV 



e+e-­‐àωχc0	
  at	
  BESIII	
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The	
  cross	
  secJon	
  peaks	
  near	
  4.23	
  GeV.	
  	
  

Preliminary	
  



Summary	
  

•  BESIII	
  observed	
  a	
  charged	
  Charmonium-­‐like	
  
state	
  Zc(3900).	
  

•  Possible	
  partner	
  parJcle	
  Zc(4025)/Zc(4020)	
  
also	
  found	
  	
  

•  Observed	
  Y(4260)àγX(3872)	
  decay	
  &	
  e+e-­‐
àωχc0	
  for	
  the	
  first	
  Jme.	
  

•  Understand	
  them	
  with	
  more	
  data	
  &	
  effort.	
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Outlook:	
  what’s	
  next	
  @	
  BESIII	
  
1.  PWA	
  of	
  Y(4260)àπ+π-­‐J/ψ,	
  more	
  precise	
  mass	
  and	
  

width	
  measurement	
  of	
  Zc(3900)+Spin-­‐parity	
  
determinaJon.	
  

2.  Neutral	
  partners,	
  such	
  as	
  Z0	
  and	
  Z0’	
  
3.  Line	
  shape	
  study	
  of	
  π+π-­‐J/ψ, also	
  πZc(3900).	
  
4.  Try	
  to	
  disJnguish	
  different	
  mulJ-­‐quark	
  models:	
  

tetraquark,	
  hadron	
  molecule…	
  	
  
5.  Search	
  for	
  new	
  decay	
  modes,	
  producJon	
  rate…	
  
6.  Other	
  puzzling	
  XYZ	
  states…	
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Thank	
  you	
  (谢谢)	
  !	
  


