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Motivation

• In 2010，from this paper，it was the first propose N*，L* with 

hidden-charm exist around 4 GeV in theory.

• In 2015, LHCb group first found two peaks of J/yp invariant 

mass spectrum from Lb g J/yKp reaction.

• In 2019, LHCb group updated the new results.

From 2015-Now, there are 

more than 1000 citations for 

LHCb experimental paper.
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Motivation

• Why is it important to confirm Pc in photo-production 

reaction ?

• Three peaks of J/yp invariant mass spectrum

1.  Resonances? or Kinematics effects (Threshold & TS)?

2.  If Resonances confirmed, what is the internal structure ? 

Meson-Baryon molecule or  5 quark configuration state ?

3.  What the spin and parity (Jp) ?

=> We need more experimental input !
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Motivation

• Why is it important to confirm Pc in photo-production 

reaction ?

• g p g Pc g J/y p  VS  Lb g J/yK p 

1.  Resonances? or Kinematics effects (Threshold & TS)?

No Threshold & TS effect because two bodies final state.

2.  If Resonances confirmed, what is the internal structure ? 

Meson-Baryon molecule or  5 quark configuration state ?

Decay width of channels

3.  What the spin and parity (Jp) ?

Angular differential cross section,  Two body vs Three body

=> We need more experimental input !

Definitely, it will provide fruitful information of Pc from  g p reaction.
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Motivation
• In our 2010 paper, we have mentioned to search Pc in e p g e J/y p 

after update 12 GeV in Jlab experiment, but we did not calculate it in 

detail at that time. I just give the results in my doctor thesis. 

• In 2019, Prof. Harry Lee was suggested by the experimentalist in 

Argonne National Lab who also collaborates with Jlab. We re-start to 

research this reaction, and provide estimations of production. 
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g p g J/y p background mechanism

• Feynman Diagram

• Formulas
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g p g J/y p background mechanism

• Feynman Diagram

• Result
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g p g J/y p background mechanism

• Result

The pomeron

exchange still 

take very 

important role 

even at the 

threshold of J/y 
production.
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g p g Pc g J/y p

10



g p g Pc g J/y p

PcVP vertex

VMD vertex
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g p g Pc g J/y p

PcVP vertex

VMD vertex

On shellOff shell
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g p g Pc g J/y p

PcVP vertex

VMD vertex

On shellOff shell

PcgP vertex
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g p g Pc g J/y p 

• Various Models for Pc g VB  
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g p g Pc g J/y p

• Pc g VB  interaction: Lorentz structure
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g p g Pc g J/y p

• Pc g VB  interaction: Lorentz structure
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g p g Pc g J/y p

PcVP vertex

VMD vertex

On shellOff shell

PcgP vertex

17



g p g Pc g J/y p ： g p g Pc vertex

PcVP vertex

VMD vertex

Off shell

PcgP vertex

1. Gauge invariance 
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g p g Pc g J/y p ： g p g Pc vertex

PcVP vertex

VMD vertex

Off shell

PcgP vertex

1. Gauge invariance 

2. The effect of off-shell
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• g p g Pc :  Gauge invariance 

g p g Pc g J/y p ： g p g Pc vertex
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• g p g Pc :  Gauge invariance 

Destroy Gauge invariance 

g p g Pc g J/y p ： g p g Pc vertex
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• g p g Pc :  Gauge invariance 

Dulat，Wu, Zou, PRD83, 094032   J/y ->`BB g

Destroy Gauge invariance 

One possible prescription: 

g p g Pc g J/y p ： g p g Pc vertex
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• g p g Pc :  Gauge invariance 

Dulat，Wu, Zou, PRD83, 094032   J/y ->`BB g

Destroy Gauge invariance 

One possible prescription: 

g p g Pc g J/y p ： g p g Pc vertex
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g p g Pc g J/y p ： g p g Pc vertex

• g p g Pc : The effect of off-shell vector
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• g p g Pc : The effect of off-shell vector

It is just a suppress factor，
we have no idea how large it 
is. In other word, in model, 
the strength of N*Ng is not 
determined. To compare with 
existed experimental data, we 
take a small cut: L = 550 MeV 。

g p g Pc g J/y p ： g p g Pc vertex
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g p g Pc g J/y p ： g p g Pc vertex

• g p g Pc : The effect of off-shell vector

It is just a suppress factor，we have no idea how large it is. 
In other words, in now model, the strength of N*Ng is not 
determined. To compare with existed experimental data, we 
take a small cut: L = 550 MeV。

[19] Lin,Shen,Guo,Zou,PRD95 
114017
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g p g Pc g J/y p

[19] Lin,Shen,Guo,Zou,PRD95 
114017

27



• g p g Pc g J/y p 的振幅

g p g Pc g J/y p
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g p g Pc g J/y p

The pure Pc contribution 
is very dependent on the 
choice of cut-off.

After using a form factor 
for off shell vector with 
550 MeV, we will find the 
main contribution of VMD 
is just from r/w meson, 
and J/y contribution is 
negligible. 
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g p g J/y p
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How to extract information of Pc ?

Pomeron Exchange

Resonance

Coherent Sum
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How to extract information of Pc ?
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How to extract information of Pc ?
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g p g other final states

• g p gL+
c`D0 (`D*0 )
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Summary

• We calculated the cross section of g p g J/y p reaction 

through background and resonance with hidden-charm.

• How to check pomeron exchange contribution at 

threshold ?

• How to make amplitude gauge invariance refer to real 

photon ?

• How to account the off-shell effect in the VMD model ?

• How to find the proper cut to strengthen the signal of Pc ?
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Thank very much !


