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Experimental status of X(3872)	
•  First observation: 2003, Belle, KEKB 

cited more than 1000 times 
•  Mass: (3871.69 ± 0.17) MeV (J/ψ X decay 

mode)	  
about 0.11 MeV below D0D̅*0 threshold 

•  Mass:3782.9(+0.6 -0.4)(+0.4 -0.5)MeV  
(D0barD0* decay mode: D0* mass constraind 
for off-shell D0*) 

•  Width: less than 1.2 MeV  
•  Quantum Number: JPC = 1++　 L = 0 
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Experimental status of X(3872)	
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Experimental status of Z(4430) ±	
•  First observation: 2008, Belle, KEKB 

 
 
 
Invariant mass of  
 
Mass: 4485 ± 22+28

-11 MeV  (Belle 2013) 
       
Width: 200 +41

-46 +26
-35 MeV  (Belle 2013) 

 
•  LHCb observation: 2014 

 
Mass: 4475 ± 7+15

-25 MeV  
 
Width: 172 ± 13+37

-34 MeV 
 

•  Quantum number: 1+  
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Experimental status of Z(4430) ±	
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Experimental status of other 
exotic mesons	
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Summary of experimental status of 
exotic mesons (1)	
•  Only	  X(3872), Z(4430)±, Zc(3900)±  

have been observed by more than two 
experimental groups. 

•  Especially, LHCb observation of 
Zb(10610) ± and Zb(10650) ±　is desirable. 

•  Measured quantum numbers of the 
exotic mesons were all JP=1+ , Why? 
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Summary of experimental status of 
exotic mesons (2)	
•  BESIII observations in 2014 

 
 
 
are interesting. Both states are about 
10 MeV above the corresponding 
threshold.  
How about            ?  
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Zc(3900)
± ! (DD̄⇤)±

Zc(4025)
± ! (D⇤D̄⇤)±

Zb(10610)
± ! (BB̄⇤)±



Summary of experimental status of 
exotic mesons (3)	
•  What does the Argand diagram tell us 

about the structure of the exotic 
hadrons? 

•  Further theoretical and experimental 
studies are necessary.	
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X(3872) as charmonium-hadronic 
molecule hybrid (1)	
•  Our picture of X(3872) 

 
	

「チャームハドロンの構造と相互作用」 KEK
東海キャンパス 2015/8/6	 11	

D0DH*0 	  D+D-‐* 	  J	  /	  ψ	  ω 	  D0DH*0 	  J	  /	  ψ	  ρ	  	  

cc̄	  
cc̄	  

Two-‐meson	  molecule	  with	  a	  cc̄	  core:	  
cc̄	  -‐	  D0DH*0	  -‐	  D+D-‐*	  -‐	  J	  /	  ψ	  ω	  –	  J	  /	  ψ	  ρ	  
ω	  and	  ρ	  have	  width.	  

J	  /	  ψ	  ω	  and	  J	  /	  ψ	  ρ	  couple	  to	  cc̄	  only	  via	  
DDH*	  channels	  (OZI).	  



X(3872) as charmonium-hadronic 
molecule hybrid (2)	
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ccbar	  charmonium	

D+	  D*-‐	  +	  D-‐	  D*+	
D0	  D*0bar	
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X(3872) as charmonium-hadronic 
molecule hybrid (3)	
•  Coupling between ccbar core and DD*bar gives 

rise to attraction between D and D*bar, that 
explains non-existence of the charged 
partner of X(3872). 
 

•  Existence of compact ccbar component can 
explain production rate of X(3872) in the 
high-energy pp colider experiment. 
 

•  Existence of compact ccbar component can 
explain radiative decay rates of X(3872). 
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Possibility of other 
exotic hadrons by 
same mechanism as 
X(3872)  
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910	  MeV	



How	  about	  bbbar	  
systems?	
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Possibility of other exotic hadrons by 
same mechanism as X(3872) 	

•  There is little chance to have exotic 
hadrons by same mechanism as X(3872) 
 

•  X(3872) seems to be rather special 
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Are J/psi and psi(2S) the pure 
charmonia? (1)	
•  First of all, what is charm quark mass? 

mc (µ2=mc
2) = 1.27 GeV 

 
current quark mass or constituent quark 
mass? 

•  αS(µ2=mc
2) is small enough? 
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Are J/psi and psi(2S) the pure 
charmonia? (2)	
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Are J/psi and psi(2S) the pure 
charmonia? (3)	
•  psi(2S)	  
Mass:	  3686.109+0.012-‐0.014	  MeV	  
	  
Width:	  299	  ±	  8	  keV	  
	  
Mpsi(2s)	  –	  MJ/psi	  =	  589.188	  ±	  0.028	  MeV	
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Are J/psi and psi(2S) the pure 
charmonia? (4)	
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Psi(2S) decays	



Are J/psi and psi(2S) the pure 
charmonia? (5)	
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Width: 20.32 keV	



Are J/psi and psi(2S) the pure 
charmonia? (6)	
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Width: 31.98 keV	



Are J/psi and psi(2S) the pure 
charmonia? (7)	
•  psi(2s) -> J/psi + pi + pi decays 

 
by just multi-gluon interactions? 
 
or light quark contents, DDbar contents 
in psi(2S) and J/psi?  
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Are J/psi and psi(2S) the pure 
charmonia? (8)	
•  psi(2S) -> J/psi + pi^0     (SU(2) breaking) 

psi(2S) -> J/psi + eta       (SU(3) breaking) 
  
Axial anomaly type decays. 
-> Quark triangle diagram 
->light quark contents DDbar contents in 
psi(2S) and J/psi? 
->or charm quark contents in pi^0 and eta? 
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Summary	

•  Exotic hadron era has just started. 
 

•  From the viewpoint of the exotic 
hadron, we should reconsider the 
structure of the ordinary hadrons. 
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Summary	

•  In order to understand the structure of the 
charged charmonium(bottomonium)-like 
exotic hadrons, we would like to know the 
interactions between  
D and Dbar,D and D*bar,  D* and D*bar (B’s). 
 
If Zc(3900) is DD*bar molecule and Zb(10610) 
is BB*bar molecule, then interaction between  
B and B*bar should be much weaker than that 
between D and D*bar, since the kinetic energy 
of BB*bar system is about 1/3 of DD*bar 
system.  However, from the heavy quark 
symmetry these two interaction may be 
similar.	
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Back	  up	
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B+	  →	  K+	  +	  J/ψ	  +	  ππ(π)	

•  B+	  →	  X(3872)	  ＋ K+	  	  	  
	   	  →	  J/ψ	  ＋ vector	  meson	  →π’s	  
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Χc1(1P)の影響	

c	  c-‐bar	  
core	  
1P,	  2P	

D*0-‐bar	

D0	 D+	

D*-‐	

+	 .	  .	  .	  .	  .	
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Χc1(1P)の影響	

•  Schroedinger	  Equa;on	  
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Χc1(1P)の影響	

•  Charge	  conjuga;on	  +	  state	  is	  assumed	  
•  Interac;on:	  Isospin	  symmetric	  	  	  
•  Χc1(1P)-‐DD*barとΧc1(2P)-‐DD*barは同じ結合	  

D0D*0(q) V cc :1P = D0D*0(q) V cc : 2P

=
gΛ2

q2 +Λ2 = D+D*−(q) V cc :1P = D+D*−(q) V cc : 2P
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Χc1(1P)の影響　計算結果:	  質量 	

•  Mass	  of	  the	  cc-‐bar	  core:	  	  
1P:	  3.51	  GeV	   	  2P:	  3.95	  GeV	  
from	  S.	  Godfrey,	  N.	  Isgur,	  Phys.	  Rev.	  D	  32	  (1985)	  
189.	  
	  

•  Cutoff	  Lambda	  =	  0.5	  GeV,	  	  
Calculated	  bound	  states	  energy	  are	  	  
3.492	  GeV	  and	  3.87157	  GeV	  	  	  
	  	  	  

•  χc1(1P)	  mass	  shiv	  by	  coupling	  to	  DD*	  is	  
about	  20MeV	  
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Χc1(1P)の影響　計算結果:	  波動関数 	

	  
	  
	  
	  
	  
	  
	  
•  ccbar	  1P	  component	  is	  small.	  

X(3872) = 0.071 cc (1P) − 0.326 cc (2P)

+ 0.907 D0D*0 + 0.255 D+D*−

「チャームハドロンの構造と相互作用」 KEK東海キャンパス 2015/8/6	 33	

0.5%	 11%	

82%	 6.5%	



D*D*barの影響　	

•  簡単のために、isospin	  の破れは考えな
い。	  

•  χC1(2P)-‐DD*bar結合とχC1(2P)-‐D*D*barは同じ
値にしている。	  

•  質量はisospin平均を使った。	  
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D*D*barの影響　計算結果:	  波動関数 	

	  
	  
	  
	  
•  ccbar成分が増えたのは、isospin平均質量

を使ったため、束縛エネルギーが大きく
なったので。	  

•  D*D*barの成分は2%と十分小さかった。	  

X(3872) = 0.557 cc (2P)

− 0.818 DD*(I = 0) − 0.143 D*D*(I = 0)
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30%	

67%	 2%	


