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Outline
• Introduction to d*(2380)

• Molecular state of the d*(2380) and compositeness condition

• d*(2380) in neutron stars

• Relativistic Mean Field (RMF) with d*(2380) in molecular picture

• Results

• Conclusions and comments
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Phenomelogical Lagrangian approach to 
molecular states of exotic hadrons
• The (non-local) phenomenological Lagrangian is proposed by the 

Tubingen-Beijing group to study the molecular-like exotic hadron states, 
e.g., X(3872), Zb(10610), Zb(10650), Λc(2940) and deuteron: see review: 
Dong, Faessler, Lyubovitskij (2017).

• We assume that the d*(2380) is a hadronic molecular state of ΔΔ pair.
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Phenomenological Lagrangian of the d*ΔΔ 

• The phenomenological Lagrangian of the d*(2380) as ΔΔ 
molecular state is given by Dong and Shen (2022)

• The correlation function Φ(𝑦2) describes the finite length of the d∗ 
size as a bound state of ∆∆ baryons depending on the Jacobi 
coordinate 𝑦
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Estimation of the d*ΔΔ coupling constant
• The mass operator can be computed via the diagram
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Molecular component in d*(2380)
• It is well known that the d*(2380) has two components.

• Then, the Weinberg condition is

• We use Λ2 ∼ 2/b2 for b∼ 0.8 fm

• We find
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Neutron stars with d*(2380) d.o.f.
• A neutron star is a compact object in astrophysics that provides 

many high-energy physics phenomena under extreme conditions.
• The core of neutron stars has very high density, a new d.o.f. is 

expected to appear in addition to nucleons, such as pion and kaon 
condensates, ∆ isobars, deconfined quarks, and even di-baryonic 
matter.

d∗ 2380 ? ? ?
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Relativistic Mean Field theory in neutron stars
• RMF theory is a framework used to describe the properties of nuclear 

matter and dense astrophysical objects like neutron stars. It is based 
on the principles of quantum field theory, where nucleons interact 
relativistically through the exchange of mesons.

• The York group (Vidana et al. 2018 and Mantziris et al. 2020) has 
studied the d*(2380) in neutron stars using RMF and the results are 
compatible with the astrophysical constraints.
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RMF with d*(2380) in molecular picture

• However, they consider the d*(2380) as scalar field , and the 
coupling constants of the d*(2380) with 𝜔 and 𝜎 mesons are not 
determine. 

• We will compute the coupling constants of the d*(2380) with 𝜔 
and 𝜎 mesons by mean of d*(2380) as the ΔΔ bound state.

𝑔𝜔𝑑∗ ∝ 𝑔𝑑∗ΔΔ
2 𝑔𝜔Δ 𝑔𝜎𝑑∗ ∝ 𝑔𝑑∗ΔΔ

2 𝑔𝜎𝜋𝜋/𝑓𝜋 13



RMF Langrangians (york group)
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RMF Langrangians (present work)
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RMF equations

Equation of State (EoS)
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Results (preliminary)
We define 𝑥𝜔𝑑∗ ≡ 𝑔𝜔𝑑∗/𝑔𝜔𝑁 and 𝑥𝜎𝑑∗ ≡ 𝑔𝜎𝑑∗/𝑔𝜎𝑁

𝑥𝜔𝑑∗ , 𝑥𝜎𝑑∗ = (±0.069, ±0.036)
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TOV equation and Mass-radius relation
𝑑𝑚 𝑟

𝑑𝑟
= 4𝜋𝑟2𝜀 𝑟

𝑑𝑃 𝑟

𝑑𝑟
= −

𝜀 𝑟 + 𝑃 𝑟 𝑚 𝑟 + 4𝜋𝑟3𝑃 𝑟

𝑟 𝑟 − 2𝐺𝑚 𝑟

All relevant parameters are 
obtained from  Glendenning–
Moszkowski model (1991)
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Conclusions

• We compute the 𝑔𝜔𝑑∗ = 5.16 and 𝑔𝜎𝑑∗ = 2.90 in molecular picture 
of the d*(2380) which has been estimated yet in the literature.

• The effects of d*(2380) soften the EoS.

• Our results are compatible with astrophysical constraints.
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Comments

• Our results are not compatible with the PSR J0740+6620.  

• No d*(2380) in the neutron star pressure.

• Include the d*(2380) interaction term to nucleon might be needed.
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Thank you for your attention
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