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I. Background and motivation: Similar hadronic 

molecular states exist in the bottom quark sector;

II.Theoretical framework;

III. Numerical results: single-channel and coupled-

channel analysis;

IV.Summary
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1.1 Hadronic molecular state
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⚫ The hadronic molecular state 
consists of two or more hadrons, 
which form weak binding via strong 
interactions.
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⚫ Compared to charmed hadronic molecules, research on their bottom counterparts 

has lagged, partly due to their higher production thresholds and limited 

experimental data in earlier years.
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Background and motivation

1.2 Experimental status

⚫ Current studies have largely focused on meson-meson and meson-baryon systems in the 
charm sector：
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1.3 P−wave interactions

⚫ For a P-wave molecule, the orbital excitation flips 
the overall parity, leading to quantum numbers 
distinct from those of the S -wave systems.

⚫ The centrifugal barrier can suppress shallow 
bound states, while it can also sustain resonances.
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P-wave centrifugal barrier ：

Background and motivation

⚫ Our results offer key theoretical insights into the interaction mechanisms of 

the heavy-flavor baryon-meson systems.

⚫ May also help to clarify the internal structures of the observed Pc states.
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2.1 OBE model

⚫ 1935, Yukawa: pion-exchange and 

nucleon-nucleon interaction.

⚫ In the OBE model, the interaction 

between two hadrons is mediated by 

the exchange of light mesons.

⚫ Nijimegen potential and Bonn potential: 

⚫ 𝝆/𝝈 exchange~two 𝝅 exchange；

⚫ 𝝎 exchange~multi-𝝅 exchange
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Theoretical framework

(𝜎, 𝜋, 𝜂, 𝜌, 𝜔)

a

b

c

d

Yukawa, Proc. Phys. Math. Soc. Japan 17, 48 (1935)
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2.1 Effective Lagrangians
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heavy quark symmetry and chiral symmetry;

𝚺𝒃

𝑩 𝑩

𝚺𝒃

Theoretical framework
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⚫ Amplitude

⚫ Breit approximation

⚫ Fourier transform

⚫ Form factor
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2.1 OBE model

Theoretical framework

Form factor 𝑭 𝒒𝟐,𝒎𝑬
𝟐 (One free parameter< 𝟐𝑮eV), m and q are the 

cutoff, mass and four-momentum of the exchanged meson, respectively. 

𝑴(𝐚 + 𝐛 → 𝐜 + 𝐝)

𝑽 𝒒 = −𝑴(𝒂 + 𝒃 → 𝒄 + 𝒅)/ 𝟐𝒎𝒂𝟐𝒎𝒃𝟐𝒎𝒄𝟐𝒎𝒅

𝑽 𝒓 = ඲
𝐝3𝑞

2𝜋 3
ⅇ𝒊𝑞⋅ Ԧ𝑟𝑽 𝒒 𝐹2 𝒒𝟐,𝒎𝑬

𝟐

𝑭 𝒒𝟐,𝒎𝑬
𝟐 =

𝜦𝟐 −𝒎𝟐

𝜦𝟐 − 𝒒𝟐
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3.1 Molecule
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Numerical results

The cutoff parameter Λ, binding energy 
E, massM, and radius rRMS are given in 
units of GeV, MeV, MeV, and fm

⚫ In judging the reasonableness of the 

loosely bound state, we adhere to 

thecriterion based on:

⚫ Λ ∼ 1 GeV

⚫ E to be of the order of a few to several 

tens of MeV

⚫ rRMS ∼ 1 fm.

𝑰(𝑱𝑷) = 𝟎(𝟏+), 𝑬 = −𝟐. 𝟐𝟐𝟓 MeV, 𝑹 = 𝟒. 𝟑𝟏𝟖 fm

Effective potentials Wave functions

Deuteron

loosely bound molecular state,

composed by a proton and a neutron
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3.2 Resonances
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Resonances

Shape-type

Feshbach-type

𝛅𝐥 𝐄𝐫 = 𝐧 + 𝟏/𝟐 𝛑，𝐧 = 𝟎，𝟏，𝟐⋯

𝛔𝐭 =
𝟒𝛑

𝟐𝛍𝐄
෌

𝐥=𝟎

∞
𝟐𝐥 + 𝟏 𝐬𝐢𝐧𝟐 𝛅𝐥 𝐄

𝚪𝐫 = ൘𝟐
𝐝𝛅

𝐝𝐄
𝐄𝐫

⚫ Scattering cross section

⚫ Mass:𝐌 = 𝐌𝚺𝒃
∗ +𝐌𝐁 + 𝐄

Numerical results
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3.3  
𝟏

𝟐
(
𝟏

𝟐

+
) system

Numerical results

𝚲𝒃𝑩/ 𝚲𝒃𝑩
∗/ 𝚺𝒃𝑩/ 𝚺𝒃

∗𝑩/ 𝚺𝒃𝑩
∗/ 𝚺𝒃

∗𝑩∗

Bound states Resonances

𝜮𝒃𝑩
∗, 𝜮𝒃

∗𝑩∗ good molecular candidates

Feshbach-type Resonance𝚲𝒃𝑩
∗/ 𝚺𝒃𝑩

I(𝑱𝑷) = 
𝟏

𝟐
(
𝟏

𝟐

+
)
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3.4  
𝟏

𝟐
(
𝟑

𝟐

+
) system

Numerical results
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∗/ 𝚺𝒃𝑩/ 𝚺𝒃

∗𝑩/ 𝚺𝒃𝑩
∗/ 𝚺𝒃

∗𝑩∗

Bound states Resonances

𝜮𝒃𝑩
∗, 𝜮𝒃

∗𝑩∗ good molecular candidates

Feshbach-type Resonance𝚲𝒃𝑩
∗/ 𝚺𝒃𝑩

I(𝑱𝑷) = 
𝟏

𝟐
(
𝟑

𝟐

+
)
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3.5  
𝟏

𝟐
(
𝟓

𝟐

+
) system

Numerical results

𝚲𝒃𝑩
∗/ 𝚺𝒃

∗𝑩/ 𝚺𝒃𝑩
∗/ 𝚺𝒃

∗𝑩∗

Bound states Resonances

𝜮𝒃
∗𝑩∗ good molecular candidates

Feshbach-type Resonance𝚲𝒃𝑩
∗/ 𝚺𝒃

∗𝑩/ 𝚺𝒃𝑩
∗

I(𝑱𝑷) = 
𝟏

𝟐
(
𝟑

𝟐

+
)
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3.6  
𝟑

𝟐
(
𝟏

𝟐

+
) system

Numerical results

𝚺𝒃𝑩/ 𝚺𝒃
∗𝑩/ 𝚺𝒃𝑩

∗/ 𝚺𝒃
∗𝑩∗

Bound states Resonances

⚫ The I = 3/2 systems are expected to behave differently from the I 

= 1/2. 

⚫ The attractive interaction mediated by exchanged mesons is 
generally weakened, and larger cut-off values are usually required to 
obtain the bound states or resonances.

Feshbach-type Resonance𝚺𝒃𝑩 / 𝚺𝒃𝑩
∗
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3.7  
𝟑

𝟐
(
𝟑

𝟐

+
) system

Numerical results

𝚺𝒃𝑩/ 𝚺𝒃
∗𝑩/ 𝚺𝒃𝑩

∗/ 𝚺𝒃
∗𝑩∗

Bound states Resonances

𝜮𝒃
∗𝑩∗ I(𝑱𝑷) = 

𝟑

𝟐
(
𝟑

𝟐

+
) molecular candidate
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3.8  
𝟑

𝟐
(
𝟓

𝟐

+
) system

Numerical results

Bound states

𝚺𝒃
∗𝑩/ 𝚺𝒃𝑩

∗/ 𝚺𝒃
∗𝑩∗

Resonances

𝜮𝒃
∗𝑩∗ I(𝑱𝑷) = 

𝟑

𝟐
(
𝟓

𝟐

+
) good molecular candidate
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Summary

⚫ In this work, we have systematically studied the possible hidden-bottom molecular 

pentaquark states arising from the P-wave Λ𝑏𝐵
∗ / Σ𝑏

∗
𝐵 ∗ interactions within the OBE model.
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⚫ The identification of such states would offer crucial insights into the nature of exotic 
hadrons and deepen our understanding of the interaction mechanisms between heavy 
baryons and heavy mesons.
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