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Two reactions of composite nuclei — one shared anatomy
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12C + 12C ⟶ 20Ne + 𝛼 / 23Na + 𝑝
via 24Mg∗ (𝐸𝑥≈14MeV + 𝐸c.m.)

double-folding + coupled channels

(Glauber / CDCC)
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identical fermions: 𝛼, nucleons

potential with long- and short-range, perturbative and non-perturbative components

defined energy interval of interest: 𝐸(res/rearr)
⋆ ≲ 𝐸c.m. ≪ 𝐸(𝑑, 𝑡, 𝛼,𝑁)
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𝐸⋆: intermediate states with significant impact on asymptotic observables
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Intermediate states = the in/out fragments only

⇒ insufficient for the relevant reactions.
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resonance in 5He is not a

d+t state.
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both the interaction and solution algorithm are

active.

3 / 6



Interaction hierarchy ⊕ algorithm (RGM, NCSM, CDCC, Faddeev) ⇒ observables
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Few-body potential for non-relativistic applications
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from a field-theoretical Hamiltonian density linking high- and low-energy scales
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From 𝑉 to composite-particle-scattering observables
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(i) power counting: each vertex carries an order 𝑣(𝑛) set by its dimension & scaling

(ii) order 𝑁: sum all initial→final processes with ∑
vertices

𝑣(𝑛) ≤ 𝑁

(iii) convergence to arbitrary accuracy: Δ(𝑁+1) = Δ(𝑁) ⋅ 𝜖 , 𝜖 =
small scale
large scale

< 1

Central challenge: Implementation

more on power counting: Valderrama, Eur. Phys. J. A 62, (2026) 4, 71External-Link-Alt 5 / 6

https://doi.org/10.48550/arXiv.2603.01561


One possible approach:

1. choose basis-expansion scheme ⇒ accurate fragment wave functions
(considering, at first, all iterations of all potential components)

2. solve the multi-channel scattering problem
(again, without regards to perturbations, but with appropriate compound structures expanded)

and map out the functional dependence of this solution on the strengths of
all perturbative terms contributing to order 𝑁 accuracy

3. adapt a multi-dimensional power series to this functional dependence
⇒ order-𝑁 accuracy

implementation:

1. efficient representation of 𝑉
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2. callibration of the potential
informed selection of input data to optimize convergence and minimize uncertainty
already at low orders
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