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We investigate the mass spectra and internal structure of heavy-light pentaquarks in the 
charm and light sectors.

Motivation 

Hadronic exchange Quark exchange Five-Body Equation 
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Different theoretical approaches

• Lattice QCD

• Functional methods like Dyson Schwinger 
and Bethe Salpeter Equations:

• Quark models

• Effective Field Theories

• QCD Sum Rules
• Amplitude analyses
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Pentaquarks in LHCb
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Pentaquarks in LHCb



Our starting point is the homogeneous BSE for a five-body system:

.

We restrict ourselves to a two-body kernel. In a five-body system there are ten possible 
two-body kernels and 15 independent double-kernel configurations: 

Γ = KG0Γ
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Five-body systems

Avoids overcounting 
in matrixT (10)−
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Five-body systems
We implement a widely used and very 
successful parametrization known as the 
Maris-Tandy (Roberts) model:

In practice, we restrict ourselves to 
Rainbow-ladder truncation:

Γqgv(q, k, μ) = ta f(k2, μ)γμ

α(k2) = πη7
MT x2e−η2

MT x + UV, x =
k2

Λ2
MT

The quark dressing function  
computed for various current-quark masses 

, ranging from the chiral limit  to 
the heavy-quark regime (3740 MeV).

M(p2)

mn(p2) (χ)

Maris, Tandy, PRC 60 (1999),
Qin, Chang, Liu, Roberts, Wilson, PRC 84 (2011)
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Five-body systems

One can group the 15 Lorentz-invariant 
momentum variables  in 
multiples of .

Ω = {p2, q2, ⋯}
S5
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We solve the Bethe-Salpeter equation for the massive Wick-Cutkosky model to study 
the kinematics of a five-body system.

GE, Peña, Torres, PLB 866 (2025)
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Five-body systems

The leading momentum dependent 
beyond the singlet variable  comes from 
the two-body clusters.

𝒮0

Where the two-body poles of the amplitude are given by
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Γphys.(⋯) ≈ ∑
i∈{MB,DDA}

fi(𝒮0)𝙿aa′￼
i τDirac

i ⊗ τColor
i ⊗ τFlavor

i
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Five-body systems
Parameters are the coupling strength c, 
and exchange particle ratio .β = μ /m

Coupling ranges where n-body ground 
states are possible for different values of .β

Ground-state masses obtained from the n-body 
BSEs for  and different values of the 
coupling c.

β = 4

For highest values of  the five-body system 
becomes Borromean.

β

GE, Peña, Torres, PLB 866 (2025)

n-body: Full solution 
: Only singlet + Pole Ansatz
 NPA: Only singlet

𝒮0
𝒮0
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Five-body systems

Meson-baryon 
sub-clusters 
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Diquark-diquark-Antiquark 
sub-clusters 

We construct a physical motivated basis by projecting onto a subset of two body dominant 
clusters based in their dominant decay channels, meson-baryon or diquark-diquark-
antiquark. 

Γphys.(⋯) ≈ ∑
i∈{MB,DDA}

fi(𝒮0)τDirac
i ⊗ τColor

i ⊗ τFlavor
i

(3 ⊗ 3 ⊗ 3) ⊗ (3 ⊗ 3̄) = 11⊗1 ⊕ 18⊗8 ⊕ 18⊗8⊕…

Attractive Repulsive
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Pentaquarks nnncc̄
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Pentaquarks  - preliminarynnncc̄

Nηc
ΛcD

ΣcD

SnnSnc AnnSnc
SnnAnc AnnAnc

NJ/Ψ

ΣcD̄∗
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AnnAncΣ∗
cD̄∗
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Pentaquarks  - preliminarynnncc̄
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Pentaquarks  - preliminarynnnnn̄



15/23

Conclusion and future 

Where the two-body poles of the amplitude are given by

• First calculation of five-body Bethe-Salpeter Equation in QCD.

• Assigned quantum numbers for  pentaquark candidates.

• Lightest pentaquark mass spectra. 

• We can calculate the Heavy-light sector: , , , etc.

• We can calculate the Light sector: , , , etc.

Pc

nnscc̄ nsscc̄ ssscc̄
Λ(1405) Θ+ Pcc̄



Thank you



18/23

Backup slides 



The Dirac basis elements 

• ,

•  the four orthonormal basis,

•  with ,

• Positive/negative energy projector 

•  contains 4096 Dirac tensor basis

τ(μν)
i (p, k, q, l) = Γ(μν)

i ΩωΛλγ5(C) ⊗ Γ(μν)
j Ωω′￼Λλ′￼γ5(C) ⊗ Γ(μν)

k Ωω′￼′￼Λλ′￼′￼γ5(C)

Γi, Γj, Γk ∈ {1, nμ
1 γμ, nμ

2 γμ, nμ
3 γμ, nμ

4 γμ}

nμ
i

Ωω, Ωω′￼, Ωω′￼′￼∈ {1, εγ5} ε ∈ {−1,1}
Λ± = (1 ± nμ

4 )/2

J =
1
2
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Dirac basis
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Dirac basis

Meson-baryon 
sub-clusters 
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Diquark-diquark-
Antiquark sub-clusters 
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Color basis
Meson-baryon clusters 
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Color basis
Diquark-Diquark-antiquark clusters 
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Explicit BSE 

Where


