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    2 

Outline
 





 




 
 
 

 

 



 




    3 

c c

L

 1 fm
1 gluon





    4 

Static Quark-Antiquark Potential for Charmonium

 


 
  
 

=1.5 GeV/fm

=0.5 GeV/fm









    5 

Charmonium States










spectroscopic
notations

n2S+1 L J
JPC

radial
wavefunction

parity
charge conjugation













    6 

Mass of a Charmonium State
(Potential Model)














    7 

Charmonium Excited States  n  3, L  4

Terra Novan2S+1 L J

JPC

4 free Parameters
ααααS
 string constant (confinement)
c quark mass
σσσσ contact term (spin-spin)
fit to 11 experimentally observed states

Mass / GeV



    8 




α 

 





α 

 





    9 

ααααS

  
 α ΔΔα



    10 

Terra Nova

Mass / GeV





 





    11 

Short-range Forces:
Spin-Spin Term

 
  


 
 
 σ

 

δ

↑↓

↑↑



    12 

Long-range forces:
Testing Confinement
 







 

  






    13 

Tensor Term

 
 


 
 
 

 



χ 
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
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  
 








 




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Production of Charmonium


  
 

 



γγγγ γγγγ







 
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Decays of Charmonium States






ΔΔΔΔ 







ψψψψ ππππ ππππ ππππ




αααα




ΔΔΔΔ 

ψψψψ χχχχcJ γγγγ




 

 ππππππππρρρρ
αααα
ψψψψ  ψψψψ ππππ ππππ



X(3872)

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X(3872)
 
  
 

  
Γ

   
  

  

Belle,  Phys. Rev. Lett.91(2003)262001
CDF-II, Phys. Rev. Lett.93(2004)072001
D0,       Phys. Rev. Lett.93(2004)162002
BaBar, Phys. Rev. D71(2005)071103


 

√√√√


− 
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Strong Decay X(3872) DD*

 Decay intoDD* is dominant
BR is factor 9.4+3.6

-4.3
higher than for J/ψ π+ π-

 BaBar, Phys. Rev. D77(2008)011102(R) 
m=3875.1+0.7

−0.5 ±0.5 MeV 
 binned maximum likelihood fit
 1-dim fit, M(D*D)
 signal pdf from MC
 exponential function background

 Belle, Phys. Rev. D81(2010)031103
m=3872.9+0.6 

−0.4
+0.4 

−0.5 MeV
 unbinned maximum likelihood fit
 2-dim fit 

 beam constraint mass
Gaussian signal
Argus function for background 

 M(D*D) 
Breit-Wigner signal
square root for background



  γγγγ

  ππππ0000




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Radiative Decay X(3872)  J/ψψψψ γγγγ, ψψψψ´γγγγ
 
  
   ψ π π
  
 

    ψ γ  




   




   
   
 ψγ




ψ γ

ψ γψ γ






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Radiative Decay X(3872)  J/ψψψψ γγγγ, ψψψψ´γγγγ
  ψ γγ
 ρω

  ψγ, γ
   
 
  
 BaBar measurement surprising

   







ψψψψ

ρρρρ,,,, ωωωω



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New Measurement of X(3872) Radiative Decays
X(3872)ψψψψγγγγ



   
 
σ
 

   

σ
 

 



  


 ψ   −  ψ  π π+ π−

 ψ   −  ψ  π π+ π−

ψψ    ψ ππ
     
 



    24 

Isospin Violation
  ψ π π

ππ ρ
 ψρ 
 





 



  



ρ

ψ





    25 

Isospin violating Charmonium Transistions


ψψψψ


ψ   π




    

small K*(892) signal
B  X(3872) K ππππ



non-resonant K
N90 events

   π 
π 




    

BKππππX(3872) is very different from other BKππππCharmonium

Belle 
arXiv:0809.0124

Kππππψψψψ KππππJ/ψψψψ Kππππχχχχc1

KππππX(3872)

ππππ ππππ

ππππ

ππππ

Belle 
arXiv:0809.0124

BaBar, Phys. Rev. 
D71(2005)032005

Belle, Phys. Lett.
B634(2006)155



Y(3940)



    29 

Y(3940)
 ψω
 


 

 
   
 ±±
 ±±


ψω

 Δ ψω 

 
    
  ±
 










 





X(3872)3ππππ and Y(3940)3ππππ




    31 

Observation of X(3872)  J/ψψψψ ωωωω( ππππ+ ππππ− ππππ0 )
 


 Isospin violation
(additional π0)
seems large 

 BaBar
re-analysis of 
with new ω mass cut
BaBar,  


 

 

σ  



    32 

B+  K+ X(3872)( J/ψψψψ ωωωω( ππππ+ ππππ− ππππ0) )

  







    33 

Testing the Quantum Numbers of the X(3872)





 ψ π
 

 ψ π
 

ω





    34 

Implication for X(3872) possible Charmonium Assignment

  π  P=+

χ 
  


  π  P=−

η 
   χ
  

  

  









ψψ ψψ











 
   

 





 
   

 






    37 

 






 
  χ 







    38 

X(3872): Notes
 

ψ 


 ψ  γ χ 
 ψ  γ η 


 P 
  
  

 
Barnes, Godfrey, Swanson, Phys. Rev. D72(2005)054026



    39 

Regge Trajectories









ψω γγ 



    41 

γγγγ γγγγ J/ψψψψ ωωωω

 
     





π 
 

 


 



    42 

γγγγ γγγγ J/ψψψψ ωωωω
 γ γ     
       
  


 
 
         

      




If this state is the Y(3940), it implies:

in γγ collisions JPC=1++ or 2−+ can not be produced
(only 0++,0−+, 2++)

X(3872) and Y(3940) would have different JPC

 mixing forbidden (in B decays)

ψω




Y(4260)
 








    45 

Y(4260): Reminder
 
−→γ ψππ
γ 

 


 


 σ

 



 





    46 

Y(4260) Parameters



    47 

e+e γγγγISR J/ψψψψ (ψψψψʹ′ʹ′ʹ′ʹ′) ππππ+ππππ- : Y(4008,4260,4350,4660)
 







    48 

What is the tail 4.7 GeV?
 


 
ψ   
ψ ππ

 
  

 

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Y States

ψψψψ ππππ ππππ 








 ψ


ψ π π
ψ π π







    50 

Y(4260): Comparison Belle and BaBar
 


 
 



 
θ 







 



    51 

Y(4260): Notes
  

ψ

 
−
ψ π πΓ 



 
 
 ψ π π








    52 

 

c
sideba

nds

Mrecoil(c+ISR)

−−−−

c−−−−(2625)
c−−−−(2595)

c−−−−(2765)
c−−−−(2880) 

8.2

   

Λ   π Λπ
Λ 
 






 

   


  


 
ψ 





    53 

Potential Model:
Wronski-Determinant must be =0 at turning point

 


 











Z(4430)+
 
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B0  K+ ψψψψ´ ππππ–

 



    56 

Z(4430)+













    57 

Belle

Result of Belle
Dalitz fit analysis.

Belle and BaBar data look similar.

Enhancement in Mass(πψʹ′πψʹ′πψʹ′πψʹ′) is seen in both data samples, 
only interpretation is different.

M (ππππ ψψψψʹ′ʹ′ʹ′ʹ′) GeV

with K* veto

The same curve 
divided by 1.18 

(scaled with 
Integrated luminosity)

BaBar

M (ππππ ψψψψʹ′ʹ′ʹ′ʹ′) GeV



Belle-II



    59 

Belle Rollout, 09.12.2010



    60 

Belle Rollout, 09.12.2010



    61 

Belle-II and Super-KEKB
   
 

 
 
 

 Δ  µ

  π


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Summary
 


 


 
 
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Shutdown
for upgrade
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)
Milestone of SuperKEKB

9 month/year
20 days/month

Commissioning starts
in 2nd half of 2014

We will reach 50 ab-1

in 2020~2021.



Luminosity prospect
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K* is peaking with respect to this angle






ψ

π









Y(4140)

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
Analysis with 2.7/fb in Phys. Rev. Lett. 102(2009)242002

B+  K+ Y(4140)(  J/ψφ)
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B+  K+ Y(4140)(  J/ψφ)

Br(B+ Y(4140)K+)  x Br(Y J/ψφ)
CDF (9.0 3.4 2.9)×10-6

Belle <6 ×10-6  at 90% CL
( )σ9.15.7 9.4

4.4
+
−

   
 
 

   
 

 
 

 ψ φ 
 
 ψφ
  




ψφ



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X(3872) mass in ππππ++++ππππ−−−−J/ψψψψ channel only

.

.

 .

<MX>= 3871.46 0.19 MeV

ΔΔΔΔ  

 



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

O++

1- -
2- +

1++

All JPC values other
than 1++ or 2-+are

ruled out with high
confidence
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B+ and B0 decays are quite different.

  
  







  
  
  
  




 
 


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X(3872)J/ψπ+π− in B+ and B0

2.3σ

J/+− / GeV

8.6σ

Phys. Rev. D 77(2008)111101, 413/fb

BABAR

arXiv:0809.1224, 605/fb

σ

σ

  








J/+− / GeV




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Y(3940)  DD* ?
















C=+ States
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








J/ψ

recoil

Double charmonium production
Recoil mass 

(direct production in continuum)








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Any of the D(*)D(*) seems to indicate 
S-wave enhancement




















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C=+ states
 γ  
 γγ 



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[ω[ω[ω[ωJ/ψ]ψ]ψ]ψ] in double charmonium production?
ψψψψ ωωωω ψψψψ
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