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Motivation: using a kaon as an external probe

A kaon can probe a molecule through C(p) and a mass spectrum.
P. Encarnación et al., PRD 111, 114023 (2025); M.-Z. Liu et al., Phys. Rep. 1108, 1 (2025); F.-K. Guo et al., RMP 90, 015004 (2018).
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n The standard FCA multiple scattering 
series provides the effective kernel 
(optical potential).

n An additional L-S resummation restores 
exact elastic unitarity.

n This is essential for extracting scattering 
parameters and correlation observables.

Why unitarize the FCA amplitude?

N. Ikeno and E. Oset, PRD 112, 094019 (2025); B. Agatão et al., EPJC 85, 1136 (2025).
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Two systems
◇◇

Gamermann et al., PRD 81, 014029 (2010); D. Mohler et al., PRL 111, 222001 (2013).

In both cases, the kaon acts a probe of molecular constituens.
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◇◇

Theory framework: from FCA to a unitary three-body amplitude

S. S. Kamalov et al., NPA 690, 494 (2001); N. Ikeno and E. Oset, PRD 112, 094019 (2025).
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Formalism I: what are  t₁, t₂, G₀  and  Gc ?

1 2

t₁
K

1 2

t₂

K

1 2

G₀

K
K KGc

cluster cluster

elastic K + cluster 
propagation

• t₁, t₂: on-shell kaon–constituent amplitudes 

• G₀: kaon propagates from one constituent to the other inside the fixed cluster (form the FCA optical potential)     
• Gc: the whole elastic K + cluster intermediate state propagates in the LS series (elastic K + cluster propagation)

Two-body amplitude  
t₁

Two-body amplitude 
 t₂

Propagation inside cluster  
G₀

Elastic K+ cluster loop  
Gc

 N. Ikeno and E. Oset, PRD 112, 094019 (2025); B. Agatão et al., EPJC 85, 1136 (2025). 9



Jing Song.  Hainan U

ETHNP, @Valencia, Sep 2026
  

Loop functions: explicit formulas for G₀ and Gc
◇◇

G₀: propagation inside the fixed cluster Gc: elastic K + cluster loop

One cluster form factor
Kaon moves between constituent 1 and constituent 2

Squared channel form factor
The whole elastic K + cluster state propagates

Common ingredients
• i = 1, 2 labels the two constituents.
• qᵢ* is the momentum in the kaon-constituent channel.
• The Θ functions apply the same cutoffs used in t₁ and t₂.

Different role:  G₀ builds the FCA kernel;  Gc restores elastic K + cluster propagation.

Phys. Rev. D 114, 035042 (2026); arXiv:2604.07261 (2026). 10
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Formalism II: calculating the total amplitude

1. FCA: build the kaon–constituent multiple-scattering kernel

2. Propagate the full K + cluster state Same structure for the two systems
KX(3872):  D*D̄  and  D D̄* components
K Dₛ₀*(2317):  cluster = DK,   t̃₁ = KD,   t̃₂ = KK

3. Sum all unitarized partitions

For X(3872): inverse-average of two components Then use this Ttot for observables
structure/3-body  →  a, r₀  →  C(p)

 N. Ikeno and E. Oset, PRD 112, 094019 (2025); B. Agatão et al., EPJC 85, 1136 (2025). 11
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◇◇

Observable: particle-resonance correlation function

N. Ikeno et al., PLB 847, 138281 (2023); P. Encarnación et al., PRD 111, 114023 (2025).
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Formalism: unitarization and observables

N. Ikeno and E. Oset, PRD 112, 094019 (2025); N. Ikeno et al., PLB 847, 138281 (2023).
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◇◇

Result I: K X(3872) scattering amplitude
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◇◇

Result I: K X(3872) correlation function
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◇◇

Result I: K X(3872)
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◇◇

Result II: K Dₛ₀*(2317)
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◇◇

Experimental signatures and unitary picture

ü These observables are directly testable in future ALICE studies and complementary invariant-mass analyses.

 N. Ikeno and E. Oset, PRD 112, 094019 (2025); B. Agatão et al., EPJC 85, 1136 (2025).
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Experimental signatures, summary, and outlook

n  Unitary FCA + LS description of kaon–molecule scattering.

n  Narrow three-body bound states appear below threshold.

n  Low-p correlations provide clear signatures of attraction.

n  ALICE measurements can test the predicted dynamics and molecular picture.

Thank you for 
your attention!
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◇◇

Formalism I: FCA for kaon scattering from a bound cluster

S. S. Kamalov et al., NPA 690, 494 (2001); L. Roca and E. Oset, PRD 82, 054013 (2010).


