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Measurements on 𝛾𝑝 → 𝐽/𝜓𝑝

Real photon

GlueX

The liquid-hydrogen target

（Physics Research, A 
987 (2021) 164807）

𝒅𝝈/𝒅𝒕 𝝈(𝒔)

arXiv:2304.03845v1

Phys.Rev.C 108 (

2023) 2, 025201

Λ𝑐ഥ𝐷 Λ𝑐ഥ𝐷
∗

structures around 
the 𝚲𝒄

ഥ𝑫 threshold 
appear in the cross 
section data.
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Analysis on 𝛾𝑝 → 𝐽/𝜓𝑝

+

+

Pomeron exchange Pc intermediate states
Tree level

One Loop

Λ𝑐ഥ𝐷 Λ𝑐ഥ𝐷
∗

𝑃𝑐

Where are the Pc 
states ?
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Analysis on 𝛾𝑝 → 𝐽/𝜓𝑝

VMD interaction On-shell approximation

Nucleon form factor

Pomeron propagator
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Analysis on 𝛾𝑝 → 𝐽/𝜓𝑝
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Analysis on 𝛾𝑝 → 𝐽/𝜓𝑝



Numerical results
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Numerical results
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Numerical results

Yong-Hui Lin and Bing-

Song Zou

arXiv:1908.05309v1

Decay width in the 
molecular scheme:

Coupling 
Constants 

Decay 
Widths

The coupling constants of 
𝑷𝒄 → 𝑱/𝝍𝒑 determined 
from 𝜸𝒑 → 𝑱/𝝍𝒑 process  
are in accordance with 
the results from the 
molecular scheme 
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Beam Asymmetry

z

y

xpolarized 
photon
beam

[1] PRC 71,054004

[2] Rep. Prog. Phys. 57,1 
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Beam Asymmetry

Only t-channel (Pomeron) t-channel + s-channel 
(Pomeron + Pc + Cusps)

1). The Beam Asymmetry 
is not big in 𝜸𝒑 → 𝑱/𝝍𝒑
scattering.

2). The Beam Asymmetry 
in t-channel is very 
different from that in s-
channel plus t-channel. 
(node)

3). The Beam Asymmetry 
explicitly indicates the 
existence of the s-channel 
contribution.



Feed-down phenomenon  of Pc states

1->2

1->3

1->4

13

Besides the 2-body decay of 𝑃𝑐 states, the 3-body 

and 4-body decay processes show some unique 
phenomena from molecular 𝑷𝒄 states and 
Triangle/Box Singularity.

1. A molecular 𝑃𝑐 can only 

couple to Σ𝑐
(∗)ഥ𝐷(∗) which is 

the component of the 𝑃𝑐
2. Σ𝑐

∗ → Λ𝑐𝜋 and 𝐷∗ → 𝐷𝜋
processes induce a 𝜋 
emission process in 𝑃𝑐
decay.

Λ𝑐ഥ𝐷 cut appears in the 𝐽/𝜓𝑝 
invariant mass spectrum of 

𝑷𝒄 → 𝑱/𝝍𝒑𝝅(𝝅)

Feed-down peak: 
a TS(BS) peak 
around 𝛬𝑐ഥ𝐷
threshold can be 
observed in the 
𝐽/𝜓𝑝 invariant 
mass spectrum.

Nearly 
on-shell

Triangle Singularity
At Λ𝑐ഥ𝐷 threshold



𝐽/𝜓𝑝 invariant mass spectrum in 𝑃𝑐 → 𝐽/𝜓𝑝𝜋 𝜋 :

I. The enhancement peak around 𝛬𝑐ഥ𝐷 threshold on 
𝐽/𝜓𝑝 spectrum from our calculation was shown.

II. Comparing to the results from TS diagram, the 
contribution from BS mechanism induces a narrow 
peak with smaller value.

III. With a comparison, the Pc(4380) is proved to be the 
important initial state, since the contribution from 
Pc(4380) is much larger than others.
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Feed-down phenomenon of Pc states



Summary

1). We have studied the 𝜸𝒑 → 𝑱/𝝍𝒑 process in the t channel 
and s channel with Pomeron, Pc, and 𝚲𝒄

ഥ𝑫 bubble.
2). The Pomeron exchange is found to be the dominate part in 
the 𝜸𝒑 → 𝑱/𝝍𝒑 process.
3). The s channel contributions also can not be ignored in the 
analysis. 
4). The Beam Asymmetry is given to show the existence of the s 
channel contribution in the photoproduction.
5). The feed down phenomenon from the 3/4-body decay of Pc 
is also introduced.

Thank you 
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Numerical results

Double suppressed 
by both the 
production and 
decay  process

𝒈𝚲𝒄ഥ𝑫𝑱/𝝍𝒑
=3.0

𝒈𝚲𝒄ഥ𝑫
∗𝑱/𝝍𝒑 =8.4

Estimated from 
t-channel

𝒈𝚲𝒄ഥ𝑫𝑱/𝝍𝒑
= 𝒈𝜦𝒄ഥ𝑫𝑱/𝝍𝒑

=6.0 is 

employed in the calculation
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Analysis on 𝛾𝑝 → 𝐽/𝜓𝑝

𝜷𝒄=0.25, 0.27, 0.29 𝑮𝒆𝑽−𝟏,
The total and differential 
cross section of the process 
can be obtained.

1). The numerical cross 
section can explain the 
experimental data generally.

2).The differential cross 
section can not  be 
explained by the pomeron 
exchange process. 

Pomeron contribution
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Analysis on 𝛾𝑝 → 𝐽/𝜓𝑝

Experimental aspect

1). The experimental results are 
determined from the distribution 
of t and E。

2). In the calculation, we should 
also include the distribution of t 
and E。

3). Through a calculation, we find 
the distribution of E will not 
obviously influence the 
differential cross section。
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