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 1. Background 

0 2317
* ( ) :sD a hot topic at B-Factory 

Top 2 
@BaBar Top 10 

@Belle 

Top 6 
@CLEO 

Continuing efforts from 
LHCb, Belle-II, 
PANDA,…  

and also  Lattice QCD  
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Theoretical interpretations 
•        state:   Y.B.Dai, et al., PRD2003 ; S.Narison, 
PLB2005; 

  E. van Beveren, et al., PRL 2003; …… 

cs

• Hadronic molecular state:   T.Barnes, et al.,  PRD2003; 
F.K.Guo, et al., PLB2006;  M.Cleven, et al., EPJA2011;            
D.LYao, et al., 1502.05981;…… 

• Four-quark state:  H.Y.Cheng, et al.,  PRD 2003;  K. 
Terasaki, PRD2003; L.Maiani et.al., PRD2005; M.Bracco, et al., 
PLB2005;…… 

• Mixing of molecular and four-quark states:   
  T. Browder, et al., PLB2004;…… 

•  …… 
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0 2317
* ( )sD

•   a striking fact:   below DK 
threshold  (bound state) 

•  chiral symmetry & 
heavy-quark symmetry 

•  Nonperturbative effects: 
unitarity in  D K scattering 

0 500( ) /f σ

•  chiral symmetry 

•  an extremely broad resonance 

•  Nonperturbative effects: 
unitarity in  ππ  scattering 

•  Coarse lattice study: scattering 
length with vayring mπ 

•  Theoretical prediction of pole 
trajectories with varying mπ 

•  Pole trajectories with Nc 
•  We fill the gap to address 
the Nc trajectories for 
D*

s0(2317) 
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Why focusing on the Nc trajectory ? 
A standard qq resonance:  
ρ(770) 

M -> Const, Γ -> 1/Nc  

Scalar resonance 
(unwilling to fall down to 
real axis) 

ZHG,Oller,Ruiz de Elvira, 
PRD2011,2012 
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Scalar Charmed states from  D(s) + π(K,η,η’) 
scattering  

& their Nc and mπ dependences  

Our focus: 
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NLO ChPT with heavy-light mesons [F.K.Guo,et al.,PLB08] 

It is essential to generalize to U(3) case to study the Nc behaviors:  

 2. Theoretical framework 

with 
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LO ChPT with heavy-light mesons 

Possible new operators with singlet η0 can appear, but they are 
much less relevant in the present analysis.  
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Chiral Lagrangian for pseudo-Goldstone with UA(1) anomaly  

Leads to a 
massive η0 

Why to include the singlet η0 when discussing large Nc? 

•  Nc=3 : UA(1) anomaly is violated at quantum level and it is 

responsible for the massive η0 

•  Large Nc:  UA(1) anomaly is 1/Nc suppressed, i.e. the mass of η0 

approaches to zero in the chiral limit.                                        

As a result,  pseudo-Goldstone nonet, π, K, η8, η0,  will appear. 

[ t’Hooft,NPB’74;  Witten,NPB’79;  Coleman,Witten,PRL’80 ] 
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-> Leading order η-η’ mixing 

2 2 22
3', , , ArcsinNc : Km m m m mπ πη η θ

⎡ ⎤
→ → − → −⎢ ⎥

⎣ ⎦
→∞

η’ 

η 

K 

π 

θ 

2 2 2
0 1 / , , .KM Nc m m Constπ→ →
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D(s) and light pseudoscalar meson scattering amplitudes 
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…… 
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Partial wave projection 

Unitarization  
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Results and Discussions 
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h0 h1 determined by  masses 
of D and Ds 

Five-channel fit (5c):  4 LECs and 1 common aSL  

Prediction 

L.Liu, 
et al., 
‘13 

Lang, 
et 
al., 
‘14 

Lang, 
et 
al., 
‘14 



Scalar Charmed Mesons Zhi-Hui Guo (Hebei Normal Univ.) 

Six-channel fit (6c):  4 LECs and 1 common aSL  
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Prediciton of scattering lengths for (S,I)=(0,1/2) channel  

It clearly indicates that “exotics” things happen around mπ=0.3~0.4GeV 
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Pole trajectories with varying mπ 

(S,I)=(0,1/2) channel  Hanhart, et al., PLB14  

f0(500)/σ f0(500)/σ 
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Scattering lengths at physical masses 
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Pole positions and their residues with physical masses 

May explain the enhancement of 
the D0 K+ channel: 1506.00600  
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Nc trajectories  
2
0 1 3 5 0 2 41 1 1, , , ,/ , , ( ), /C C CM N F N h O h N→ → → →

2 21 1( ), , ( )D KM O m m Oπ→ →
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Nc trajectories for D*
s0(2317) 

Physical 
point 
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Nc trajectories for D*
0 pole in (S,I)=(0,1/2) channel 
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Summary 
• D(s) + π(K,η,η’) scattering amplitudes are calculated in 
U(3) chiral Lagrangian  and then unitarized.  

•  Pole trajectories with varying mπ for the 
(S,I)=(0,1/2) channel are found to be quite similar as 
those from f0(500).  

•  Pole trajectories with varying Nc for D*
s0(2317) 

and the (S,I)=(0,1/2) channel are given.  

They do not tend to fall down to the real axis for 
large values of Nc, indicating their marginal effects 
at large Nc.  

•  The broad pole around 2.5 GeV with (S,I)=(1,1) may 
explain the newly observed enhancement in D0K+ channel  
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谢谢大家！ 
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Even more exotic case: f0 (500)/σ ZHG,Oller,Ruiz de 
Elvira, PRD2011,2012 

Similar behaviors are found from [Dai,Wang,Zheng,CTP’12] 
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Controversial behaviors: f0 (500)/σ 

σ 

f0(980) 

Real axis 

Pelaez, et al., ’11 

σ 

ZHG,Oller,Ruiz de Elvira, 
PRD2011,2012 


