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𝐽𝑃?

Inner structure?
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▪ Many theoretical predictions for ഥ𝐷 ∗ Σ𝑐 published before 2015, some 
in quantitative agreement with the newly LHCb data

▪ J.-J. Wu 𝑒𝑡 𝑎𝑙, PRL 105, 232001 (2010)

▪ W.-L. Wang 𝑒𝑡 𝑎𝑙, PRC 84, 015203 (2011)

▪ Z.-C. Yang 𝑒𝑡 𝑎𝑙, CPC 36, 6 (2012)

▪ J.-J. Wu 𝑒𝑡 𝑎𝑙, PRC 85, 044002 (2012)

▪ M. Karliner 𝑒𝑡 𝑎𝑙, PRL 115, 122001 (2015)
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4314.5 MeV

Δ𝐸-binding energy

Δ𝐸 4312 = 5.8−6.8
+1.0 MeV

Δ𝐸 4457 = 2.5−4.1
+4.3 MeV

Δ𝐸 4440 = 19.5−4.3
+4.9 MeV

Motivation: Predictions



Motivation: 𝑺-Wave Molecule Assumption
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Strong decays within the 

𝑆-wave hadronic 

molecule scenarios, that 

is, 1/2−-ഥ𝐷Σ𝑐 for 𝑃𝑐(4312), 

1/2−- or 3/2−-ഥ𝐷∗Σ𝑐 for 

𝑃𝑐(4440), 𝑃𝑐(4457)



Decay Mechanism of 𝑷𝒄 Molecules
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M.-Z. Liu 𝑒𝑡 𝑎𝑙, PRL 122. 242001 (2019)
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1. Two-body triangle-loop 
decay



Decay Mechanism of 𝑷𝒄 Molecules
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1. Two-body triangle-loop 
decay

2. Three-body decay via 
tree diagram



Effective Lagrangian Approach
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▪ The Lorentz covariant 𝐿-𝑆 scheme is used for the 
interactions of 𝑃𝑐 to              systems.

B.-S. Zou 𝑒𝑡 𝑎𝑙 , PRC 67. 015204 (2003)

𝛾𝜇 ≡ 𝑔𝜇𝜈𝛾𝜈 =

𝑔𝜇𝜈 −
𝑝𝜇𝑝𝜈

𝑝2
𝛾𝜈,

with 𝑝 the 

momentum of 𝑃𝑐 .
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Working in the non-relativistic limit and 

expanding on the 
2𝜇𝐸𝐵

Λ
,



Couplings 𝒈ഥ𝑫(∗)𝚺𝒄
(∗)
𝑷𝒄
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Τ𝑔𝑅𝑇 𝑔𝑁𝑅

Τ𝑔0 𝑔𝑁𝑅

▪ Difference among three strategies, 𝑔𝑅𝑇, 𝑔𝑁𝑅, 𝑔0, for the 
determinations of 



Comparations of 𝒈𝑹𝑻, 𝒈𝑵𝑹, 𝒈𝟎

1. The larger difference comes with the lager binding 
energy. The same coupling            will be obtained 
in the zero-binding-energy limit. 

2. 𝑔𝑅𝑇 ≥ 𝑔𝑁𝑅 ≥ 𝑔0.

3. 𝑔𝑅𝑇 and 𝑔𝑁𝑅 decrease with the increasing of Λ0. 
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▪ 𝑔𝑅𝑇 is adopted for the these 𝑃𝑐 molecules with the 
binding energy larger than10 MeV. 

▪ For 𝑃𝑐(4312), 𝑃𝑐(4457), 𝑃𝑐(4376) and 𝑃𝑐(4523) that 
have small binding energy, 𝑔0 is used for simplicity.



Effective Lagrangian Approach
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▪ Conventional effective Lagrangians are adopted for 
the vertices in 𝑡-channel, e.g., ℒ𝑉𝑃𝑃, ℒ𝑉𝑉𝑉, ℒ𝐵𝐵𝑃,…
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▪ Conventional effective Lagrangians are adopted for 
the vertices in 𝑡-channel, e.g., ℒ𝑉𝑃𝑃, ℒ𝑉𝑉𝑉, ℒ𝐵𝐵𝑃,…

▪ Effective coupling constants
▪ Inferred from experimental decay widths, 𝑔𝜋Σ𝑐Λ𝑐, 𝑔𝐷∗𝐷𝜋,…

▪ Heavy quark spin symmetry, such as 𝑔𝜋Σ𝑐Σ𝑐∗ =
3

2
𝑔𝜋Σ𝑐Σ𝑐 , …

▪ The simplest approximation that 𝑐 = 𝑠, namely 𝑔𝜋Σ𝑐Σ𝑐 = 𝑔𝜋ΣΣ, …

▪ SU(3) relations, like 𝑔𝜋ΣΣ = 𝑔𝐵𝐵𝑃2𝛼𝐵𝐵𝑃, …

▪ Vector meson dominant (VMD) model is used for 𝑔𝐷𝐷𝜌, 𝑔𝐷𝐷𝜔
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Form factors
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𝑓1, 𝑓3 for RT, 𝑓2, 𝑓3 for NR

▪Gaussian regulators

▪multipolar regulators

𝑝𝐸 ≡
𝑚1

𝑚1+𝑚2
𝑝2 −

𝑚2

𝑚1+𝑚2
𝑝1 = (𝑝2

0 −
𝑚2

𝑚1+𝑚2
𝑀,𝒑), 𝑝𝐸

2 = 𝑝𝐸
0 2

+ 𝒑2



Decay pattern of ഥ𝑫(∗)𝚺𝒄 molecules
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▪ The numerical results on partial decay widths with Λ0 = 1.0 GeV
and Λ1 = 0.6 GeV.

Γഥ𝐷Σ𝑐/Γഥ𝐷Σ𝑐∗

Γ𝐽/𝜓𝑝/Γ𝜂𝑐𝑝



▪ For 𝑃𝑐(4376), 𝑃𝑐(4500), 𝑃𝑐(4511), 𝑃𝑐(4523), partial widths with 
Λ0 = 1.0 GeV and Λ1 = 0.6 GeV.
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Decay pattern of ഥ𝑫(∗)𝚺𝒄
∗ molecules



Summary

▪ The experimental data on 𝑃𝑐(4312) , 𝑃𝑐 (4440), 𝑃𝑐 (4457) 
can be described well with the 1/2−-ഥ𝐷Σ𝑐, 1/2

−-ഥ𝐷∗Σ𝑐, 
3/2−-ഥ𝐷∗Σ𝑐 hadronic molecule scenarios, respectively.

▪ The determination of the spin parities for two higher 𝑃𝑐
states requires further experimental investigation, 
especially on the decay behaviors, such as Γഥ𝐷Σ𝑐/Γഥ𝐷Σ𝑐∗ , 
Γ𝐽/𝜓𝑝/Γ𝜂𝑐𝑝.

▪ Four additional heavy quark spin partners (Γ~20-60
MeV) that strongly couple to ഥ𝐷∗Λ𝑐, ഥ𝐷Λ𝑐, ഥ𝐷Σ𝑐, ഥ𝐷Σ𝑐

∗, 
ഥ𝐷∗Σc channels are expected to be confirmed in the 
future.
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Thank you!



19

Back up slides



Cut-off dependence 𝑷𝒄(4312)

20

▪ The total widths and branching fractions of ഥ𝐷∗Λ𝑐, 𝐽/𝜓𝑝, ഥ𝐷Λ𝑐
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𝑷𝒄(4440)
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𝑷𝒄(4457)


