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Introduction

Study of direct reactions applied to
weakly-bound halo systems on neutron drip-line:

inert core + one or two valence neutrons
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Introduction

How to simplify the problem?
Let’s move to one dimension!

Ψ(x, t) =
∑N

j=1 cj(t)Φj(x)eiEjt/~

we can follow both time evolutions
using time dependent or coupled-channels methods,

understand the limitations of approximations,
and in particular study the role of continuum
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Hamiltonian
Potentials and trajectory

Esbensen H, Broglia RA and Winther A 1983 Ann. Phys. 146 149–173
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Initial wavefunction
obtained by solving the time independent Schroedinger equation

LM, Pérez-Bernal and Vitturi, J. Phys. G: Nucl. Part. Phys. 43 045112 (2016)
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By definition we can expand the wavefunction Ψ(x, t)
as a combination of target and projectile basis states

depending on a set of coefficients cj(t)

We can follow the time evolution of:

Ψ(x, t) → exact model
cj(t) → coupled-channels formalism

Direct reactions with weakly-bound systems: a one-dimensional model
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Exact model
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Exact model

Same usual initial parameters
of a reaction:

I distance of closest approach

I incident energy

I Q-value
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Exact model

Final probabilities

overlap with continuum
(pseudostates, exact continuum ...)
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Coupled-Channels
Initial condition: cPj (t = −∞) = 0 and cTj (t = −∞) = δi,j

i~∂cTj
∂t =

∑
cTk 〈ωT

j |V P |ΨT
k 〉 +

∑
cPk 〈ωT

j |V T |ΨP
k 〉

i~∂cPj
∂t =

∑
cTk 〈ωP

j |V P |ΨT
k 〉 +

∑
cPk 〈ωP

j |V T |ΨP
k 〉

Esbensen H, Broglia RA and Winther A 1983 Ann. Phys. 146 149–173

I inclusion of target ΨT AND projectile ΨP bases

I dual bases: time-dependent functions
associated with the two wells (ωT and ωP ) based on overlaps
between target and projectile states
to solve non-orthogonal problem
〈ΨI

m|ωJ
n〉 = δI,Jδn,m

Direct reactions with weakly-bound systems: a one-dimensional model
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∑
cPk 〈ωP

j |V T |ΨP
k 〉

Esbensen H, Broglia RA and Winther A 1983 Ann. Phys. 146 149–173

New feature: continuum included!!!
pseudostates obtained by diagonalizing the potential in different bases

(infinite square well, harmonic oscillator, transformed HO)

Direct reactions with weakly-bound systems: a one-dimensional model
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Results
Initial conditions and time evolution

Target and projectile potentials
and corresponding eigenstates

Incident energy: 5MeV

Evolution of exact wavefunction
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Results
Final probability

Final exact wavefunction

Direct reactions with weakly-bound systems: a one-dimensional model



Introduction The Model Results Conclusions

Results
Breakup probability
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Well-bound system
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Virtual state
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