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Ø Exotic hadrons and new pentaquark states

Ø Method of the QCD sum rules

Ø Reproduce the masses of several Pc states and

predict their spin-parity quantum numbers

Ø Challenges for hidden-charm pentaquark states

Ø Summary

Outline
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Quark model and exotic hadrons
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Exotic hadron configurations
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Y.R.Liu, H.X.Chen, W. Chen, X.Liu, S.L.Zhu, PPNP 107 (2019) 237-320



LHCb’s observation in 2015
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Two hidden-charm Pc states were observed in                    process

Vertical band for Lambda(1520)

Horizontal band for Pc structures

PRL 115 (2015) 072001.
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Prefer quantum numbers:

their parities are opposite

and spins are 3/2 for one

and 5/2 for another.



Combined Run 2 data in 2019:
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PRL 122 (2019) 222001



Theoretical predictions before 2015
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l Wu, Molina, Oset, Zou, PRL105, 232001 (2010);
l Wang, Huang, Zhang, Zou, PRC84, 015203 (2011);
l Yang, Sun, He, Liu, Zhu, CPC36, 6 (2012);
l Wu, Lee, Zou, PRC85, 044002 (2012);
l Karliner, Rosner, PRL115, 122001 (2015);
l Some others…

There are many theoretical predictions for the existence
of before 2015, some of the predictions
are in good agreement with the LHCb’s observations.



Theoretical progress on Pc states after 2015

H.X.Chen,W.Chen,X.Liu,S.L.Zhu,PRL115(2015),172001;
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B.S.Zou’s slide



Molecular Configurations for Pc states

Two possible configurations:
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QCD sum rules
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QCD sum rules



Pentaquark Sum Rules
Two possible configurations (PRL115, 172001(2015))：
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The first configurations (PRL115, 172001(2015))：

OPE is too simple to give reliable mass predictions! 
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The second configurations (PRL115, 172001(2015))：
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Good behaviors of the mass sum rule predictions! 



Pc(4380) and Pc(4450)
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Pc(4312), Pc(4440) and Pc(4457)
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We compose the following interpolating currents:



Pc(4312), Pc(4440) and Pc(4457)
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EPJC76, 572 (2016); PRD100 (2019), 051501(R)



Mass splitting between Pc(4440) and Pc(4457)
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Off-diagonal correlator
vanishes, implying that
this two currents should
couple to different states!



Some other pentaquark predictions

H.X.Chen,W.Chen,X.Liu,T.G.Steele,S.L.Zhu, EPJC76, 572 (2016)
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H.X.Chen,W.Chen,X.Liu,T.G.Steele,S.L.Zhu, EPJC76, 572 (2016)



l These Pc states have been only reported by LHCb, they should be
confirmed in other experiments and processes, GlueX,BelleII, JPARC.

l Many isospin and spin partner states were predicted by various
theoretical approaches. Where and how can them be observed?

l Experimental identification of the parities for these Pc states is
crucial for the discrimination of various models.

l Identifying the dominant decay modes of the Pc states.
l Are there hidden-bottom pentaquarks?
l More open questions……

Challenges

24



l LHCb reported three hidden-charm pentaquark states
in 2019: Pc(4312), Pc(4440) and Pc(4457).

l Studied the Pcs in two possible molecular configurations:
J/psi+proton and charmed-baryon+charmed-meson.

l Using charmed-baryon+charmed-meson configuration,
we reproduced the masses of these Pc states and
predicted their spin-parity quantum numbers.

l Remain many theoretical and experimental challenges!

Summary
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