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!  Exotic hadrons and pentaquark states 

!  Method of the QCD sum rules 

!  Reproduce the Pc(4380) and Pc(4450) masses  

    and predict their spin-parity quantum numbers 

!  Challenges for hidden-charm pentaquark states 

!  Summary 

Outline  
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�Quark model and exotic hadrons�
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�Exotic hadrons�
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Pentaquark states 
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Pentaquark states 
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Theoretical interpretations 
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"  Molecular scheme: (OBE and OPE models) 

     CPC36,6(2012), PRL115,122001(2015), PRL115,132002(2015), PLB753,547(2016),… 

"  Dynamically generated resonances: (couple channel unitary approach) 
     PRL105,232001(2010), PRC84,015202(2011), PRD92,114002(2015),… 
 
"  QCD sum rules: 
    PRL115,172001(2015), EPJC76,43(2016), EPJC76,70(2016), 1602.02433,… 

"  Tightly bound pentaquarks: antiquark-diquark-diquark, diquark-triquark  
     pictures (chiral quark model)  

     PLB749,289(2015), MPA30,1550190(2015), JHEP1512,128(2015), PLB749,454(2015),… 

"  Non-resonance explanations (Kinematical effect): 
    PRD92,071502(2015), PLB757,231(2016),1507.06552,… 

"  Other theoretical scheme: topological soliton model, two channel framework, 
     doublet-exotic molecule structure,...         
     PRD92,051501(2015),PLB751,59(2015),JETPL102,271(2015), EPJA51,152(2015),… 
 



Pentaquark Configurations�

Two possible configurations:�
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QCD sum rules�
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QCD sum rules�
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Pentaquark states�

Two possible configurations (PRL115, 172001(2015))��

u
u d

c c̄

u
u d

c c̄

11 



Pentaquark Configurations�
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Two possible configurations (PRL115, 172001(2015))��

OPE is too simple to give reliable mass predictions! �

Pentaquark Configurations�
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Pentaquark Configurations�
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Two possible configurations (PRL115, 172001(2015))��



Pc(4380) and Pc(4450)�
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"  The Pc(4380) and Pc(4450) are only reported by LHCb, should be 

    confirmed in other processes and analyses. BelleII, CMS, JPARC…. 

"  �Many isospin and spin partner states were predicted by various  

    theoretical approaches. Where and how can them be observed? 

"  Experimental identification of the parities for the two Pc states is  

    crucial for the discrimination of various models.   

"  Identification of the dominant decay modes of the two Pc states is  

    important! 

"  Is it possible to produce the hidden-bottom pentaquarks  

    experimentally? 

"  Other hidden-charm multiquark systems may also exist! 

Challenges�
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"  LHCb reported two exotic hidden-charm pentaquark states 

    in 2015: Pc(4380) and Pc(4450). 

"  �Studied the Pcs in two possible configurations:   

    J/psi+proton and charmed-baryon+charmed-meson. 

"  Using charmed-baryon+charmed-meson configuration,  

    we reproduced the masses of two Pc states and  

    predicted their spin-parity quantum numbers. 

"   Remain many theoretical and experimental challenges! 

Summary�
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Other pentaquark states�

arXiv: 1602.02433 
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