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Outline 
Motivation 

Two independent analysis method: 

     1)The  π+ D0 tagging method: 

          a)Tag D0 by the decay D0→K-π+ 

            b)Find an additional π+, calculate the recoil   

              mass of π+D0 and π+ 

     2)The π+ D- tagging method(II):  

          a)Tag D- by the decay D-→K+π-π- 

               b)Find an additional π+, calculate the recoil   

              mass of π+D- and π+ 

Angular distribution 

Cross sections 

Comparison between Zc(3885) and Zc(3900) 
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   The Belle Collaboration observed two  

   charged structures in  

    ϒ(5S)→π+π- ϒ(nS), n=1,2,3 

    ϒ(5S)→π+π- hb(mP), m=1,2 

 Zb(10610) and Zb(10650) near 

    mass of BB* and B*B* 
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Motivation(I) 

Phys. Rev. Lett. 108, 122001 (2012) 



Motivation(II) 

BESIII, Belle and Cleo Collaboration discover the  

new charged structure Zc(3900) in Y(4260)→π+π- J/ψ. 

The mass of Zc(3900) is near DD* mass, it is very  

 interesting to see whether Zc decays into DD* 
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PRL 110, 252002 (2013) 



What is Zc(3900)±and Y(4260)? 
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Molecule ? 
Tetraquark? 
Hybrid?  
Hadro-charmonium ? 
ISPS model? 



 Partial reconstruction technique 

   𝜋±(𝐷𝐷∗)∓  includes 4 decay modes: 

     1) π+D0D*-+c.c., D*- →π0 D- 

     2) π+D-D*0+c.c., D*0 →γ/π0 D0 
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D 

D* 

Not detected 

Y(4260) 

We only reconstruct  the bachelor pion and a single D. 

 If we tag a π+  and D0 , we select the events: 

      π+D0D*-  and π+D-D*0 (D*0 →γ/π0 D0) 

 If we tag a π+  and D- , we select the events: 

      π+D0D*- (D*- →π0 D-) and π+D-D*0 (D*0 →γ/π0 D0) 

 The events from the isospin decays are cross feeding  

      events.  



Events Selections 
Idea:  Tag the single D and bachelor π in πDD*  

Method: 

Tag D using the decay D0 →K-π+ , D- →K+π-π- 

Finding one or more additional π 

Finding D* by calculating the recoil mass of Dπ 

Kinematic Fit: 

Constraint the mass: M(K
-
π+)=mD0, M(K

+
π- π-)=mD- 

Constraint the missing mass of πD: 

       Mrecoil(π+D0)=mD*-, M(π+D-)=mD*0 

 χ2  <30 
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Signal of D 
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|M(K-π+)-mD0|<15MeV 

|M(K-π+π+)-mD+|<15MeV 



Recoil mass of πD 
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Dots with error bars: Data 

Solid:  e+e-→π+D0D*-       

Dash: e+e-→π+D-D*0, where DD*form a resonance 

Hatch: Events from D0 sideband 

Dots with error bars: Data 

Solid: e+e-→π+D-D*0 

Dash: e+e-→π+D0D*- , where DD*form a resonance 

Hatch: Events from D- sideband 

We can see clear signal of D* 

π+D0 tagging method  π+D- tagging method  
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Mass of DD* 
π+D0 tagging method  π-D+ tagging method  

Using the function (x-3.87)c(4.11-x)d as the background shape  

We named the new structure as “Zc(3885)” 

Pole mass: (3882.3±1.5)MeV 

Pole width: (24.6±3.3)MeV 
N=502±41 

Pole mass:(3885.5±1.5)MeV 

Pole width:(24.9±3.2)MeV 
N=710±54 



Dalitz Plot 
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π+D0 tagging method  π-D+ tagging method  

π+D0 tagging method  
π-D+ tagging method  

Data Data 

MC: e+e-→DD1(2420)  MC: e+e-→DD1(2420)  



Angular distributions 
-consider only lowest partial waves- 

|cosqp| 

Y(4260) 
e+ 

e+ 

Xc 

p+ 

qp 

JP L dN/d|cosqp| 

1+ S-wave flat 

0- P-wave sin2qp 

1- P-wave 1+cos2qp 

in Y(4260) rest frame 
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|cosqp|distributions in four bins 
π+D0 tagging method and π+D- tagging method 

Averaged together   

We can see the |cosqp| distributions for both tagging methods 

 are flat, suggesting the Zc(3885) is a 1+ state 



Cross Section Calculations  

 For the π+D0 tagging method, we use 

                                                                                  (1) 

 
                                               =(84.6±6.9)pb 

 
 For the π-D+ tagging method, we use 

                                                                                           (2) 

 

         =(82.3±6.3)pb 

The cross sections for the two tagging methods are 
consistent.  
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Assuming Isospin symmetry 



Systematical Errors 
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Source Mass(MeV) Width(MeV) Cross Section(%) 

Tracking &PID / / ±4/6 

D mass / / ±1 

D0 & D+ BFs / / ±1 

Kinematic Fit / / ±4 

Signal shape ±1/2 ±3 ±5 

Bg  Shape ±4.0/3.8 ±10.4/10.7 ±24 

Line shape / / ±0.6 

MC efficiency ±6/3 

Luminosity / / ±1 

Rad. Corr. / / ±5 

Total ±4.1/4.3 ±10.8/11.1 ±26.4/26.3 



Are Zc (3885)±and Zc(3900)± 

 the same? 

Zc(3885)(MeV) Zc(3900)(MeV) 

Mass ~3883.9±1.5±4.2 3899±3.6±4.9 

Width ~24.8±3.3±11.0 46±10±26 

Number of events 502/710 307±48 

Production cross 

section 

83.5±6.6±22pb 13.5±2.1±4.8pb 
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If Zc(3885)=Zc(3900), 
𝐵𝑟(𝑍𝑐→𝐷𝐷∗)

𝐵𝑟(𝑍𝑐→𝜋𝐽/𝜓)
≈ 6.2±1.1±2.7  

Zc(3885) and Zc(3900) Comparison 



Paper submitted (Arxiv:1310.1163) 
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Comments from PRL referees 

 All three referees recommend for publication in PRL 

 LK13824/Ablikim 
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Current status of the paper 

• We prepared the revised manuscript and reply 

to comments.  

• The paper will be resubmitted soon.  

2013/11/20 2nd XYZ Workshop 19 



Thanks 
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