




Experimental status of Pc(4380) and Pc(4450)
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The measured invariant mass spectra
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LHCb performed the 
analysis of the above 

experimental data

Clear signal of Λb









The history of multiquark states

Phys.Lett. 8 (1964) 214-215

The muliquark states were predicted at the birth 
of Quark Model 





The hadron with four quarks plus one antiquark was developed  by Strottman in 1979 

PRD 15 (1977) 267

PRD 20 (1979) 
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Identify exotic hidden-charm 
pentaquarks 
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The peculiarity of two Pc states:

• The masses of Pc(4380) and Pc(4450) are close to the 
Σc(2455)D* and Σc*(2520)D* thresholds, respectively. 

• According to their final state J/ψ+p, we conclude that 
the two observed Pc must not be an isosinglet state, 
and the two Pc  states contain hidden-charm quantum 
numbers.  

• The discovery of Pc(4380) and Pc(4450) inspires us 
interest in revealing their underlying structures under 
molecular state assignment



The corresponding flavor wave functions

I  I3
These favor wave 

functions with I=1/2 
match the discussed 
Pc(4380) and Pc(4450)

We need to perform a 
dynamical calculation 

of the structures of 
Σc(2455)D* and 
Σc*(2520)D*
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One pion exchange (OPE) model

Deuteron: loosely bound state of proton and neutron
 Nucleon force: short-range, mid-range, long-range

Scalar σ with mass 
around 600 MeV Pion exchangeρ and ω exchanges
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In the past decade, one boson exchange was extensively 
applied to the studies of newly observed hadron states 

Long list:

…
One conclusion:
Pion exchange play crucial role to form heavy flavor molecular states

It is the reason why we adopt one pion exchange model 
to study two Pc states
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The effective Lagrangian relevant to the deduction of OPE 
potential:

Scattering amplitude
The effective potential in 

momentum space

Fourier transformation

The effective potential in coordinate space
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The effective potentials of Σc(2455)D* and Σc*(2520)D* 
systems 

By solving Shrouding equation, we try to find 
bound state solutions
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Numerical results



• The masses of Pc(4380) and Pc(4450) can be reproduced 
• Pc(4380) and Pc(4450) as Σc(2455)D* and Σc*(2520)D* 

molecular states with (I=1/2,J=1/2) and (I=1/2,J=3/2), 
respectively.

• Qualitatively explain why the width of Pc(4450) is much 
narrower than that of Pc(4380) 

S-wave: Pc(4380)—> J/ψ+p
D-wave: Pc(4450)—> J/ψ+p  

• Predict two isospin partners of Pc(4380) and Pc(4450) 
Σc(2455)D* with (I=3/2,J=1/2) and binding energy -80 MeV 
Σc*(2520)D* with (I=3/2,J=1/2) and binding energy -28 MeV

Conclusions
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Decay modes:



Our Study through QCD Sum Rule





Two Configurations:

[  𝑐𝑑𝑐𝑑][𝜖
𝑎𝑏𝑐𝑞𝑎𝑞𝑏𝑞𝑐] and [  𝑐𝑑𝑞𝑑][𝜖

𝑎𝑏𝑐𝑐𝑎𝑞𝑏𝑞𝑐]

These two configurations, as if they are local, can be related 

to each other through

• The Fierz transformation

• The color rearrangement

𝛿𝑑𝑒𝜖𝑎𝑏𝑐 = 𝛿𝑑𝑎𝜖𝑒𝑏𝑐 + 𝛿𝑑𝑏𝜖𝑎𝑒𝑐 + 𝛿𝑑𝑐𝜖𝑎𝑏𝑒



Configuration [  𝑐𝑑𝑐𝑑][𝜖
𝑎𝑏𝑐𝑞𝑎𝑞𝑏𝑞𝑐]

• There are three independent local 

light baryon fields of flavor-octet 

and having a positive parity:

• Together with light baryon fields 

having negative parity and the 

charmonium fields:

H. X. Chen, V. Dmitrasinovic, A. Hosaka, K. Nagata and S. L. Zhu, 

Phys. Rev. D 78, 054021 (2008)

• We can construct the currents of the 

configuration [  𝑐𝑑𝑐𝑑][𝜖
𝑎𝑏𝑐𝑞𝑎𝑞𝑏𝑞𝑐].

• Those containing J=3/2 components are

• Three of them of J=3/2&5/2 couple 

well to the combination of ߰/ܬ and 

proton





Configuration [  𝑐𝑑𝑞𝑑][𝜖
𝑎𝑏𝑐𝑐𝑎𝑞𝑏𝑞𝑐]

• The currents of this type can not be systematically constructed so easily, so we 

just transform the previous currents to this configuration, and select those 

related to 𝐷/𝐷∗ and Λ𝑐/Σ𝑐/Σ𝑐
∗.

• We shall investigate the following currents of J=3/2

• We shall investigate the following currents of J=5/2



QCD SUM RULE

• In sum rule analyses, we consider two-point correlation functions:

where η is the current which can couple to hadronic states.

• By using the dispersion relation, we can obtain the spectral density

• In QCD sum rule, we can calculate these matrix elements from QCD (OPE) and 
relate them to observables by using dispersion relation.



Quark and Gluon Level

Hadron Level

dispersion relation

ρ

s0 M s0

Quark-Hadron Duality

s = -q2

(Convergence of OPE)

(Sufficient amount of Pole contribution)

(Positivity)

SVZ sum rule (Shifman 1979)

(for baryon case)

Π𝑝ℎ𝑦𝑠 𝑞2 = 𝑓𝑃
2
𝑞 +𝑀

𝑞2 −𝑀2



 Borel transformation to suppress the higher order terms:

 Two parameters

MB ,    s0

We need to choose certain region of (MB, s0).

 Criteria

1. Stability

2. Convergence of OPE

3. Positivity of spectral density

4. Sufficient amount of pole contribution

QCD Sum Rule









Summary

We still need more theoretical and experimental joint efforts
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Thank you for your 
attention




