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What you will learn in this lecture

How to go from nuclear structure to reactions.

1) The nuclear problem at low energy.

2) The problem of continuum couplings.

3) Nuclei as open quantum systems.

4) Unification of nuclear structure and reactions.

5) Extending quantum many-body methods in the continuum.
6) From many-body structure to reactions observables.
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The nuclear problem
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Current situation in nuclear physics
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Intriguing phenomena at low energy

Halos, Borromean systems, neutron skin: Two-nucleon decay:
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Low-energy nuclear physics: emergence of a new paradigm
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Low-energy nuclear physics: emergence of a new paradigm
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Low-energy nuclear physics:

emergence of a new paradigm
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Continuum couplings: a general problem
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Consequences in nuclear physics

8 a Nuclei as open quantum systems.
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Nuclei as open quantum system

Quantum systems coupled to the environment of scattering states and decay channels.
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Unification of nuclear structure and reactions

A question of feedback:

Underlying structure affects
reaction channels.

Structure = | Decay’ . Reactions
Stationary orbits Scattering states
(bound states) Capture (continuum)

(reaction channels)
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Quantum description of nuclei

Basic approximations in nuclear physics:

Fundamental approximations:

Phenomenological interactions Bound state approximation
(no clear improvement scheme) (no continuum couplings)
Reactions approximations: Structure approximations:
Static optical Mean-field Inert core
potentials approximation plus valence space

L L0
Statistical models for quasi- .@) - Collective
continuum of bound states QW degrees of freedom
*Q|@” |

— Separated treatments of nuclear structure and reactions. Invalid paradigm at low energy.
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um description of nuclear structure

Strategies to solve the nuclear problem: Schrodinger vs. Heisenberg
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Unitary transformation: UT0 = 1.
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— One can either find |W), or an operator U
that maps the noninteracting system of
“dressed” particles with the interacting system
of “bare"” particles.
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Strategies to include continuum couplings |

Feshbach projection formalism: Resonating group method: Momentum space
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Strategies to include continuum couplings Il

Uniform complex-scaling: Berggren basis:
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From nuclear structure to reactions
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At low energy:

Emergent exotic phenomena due to continuum couplings. Nuclei as open quantum systems.

From structure to reactions:

Feedback between structure and reactions, unified description. Real vs. complex energy meth-
ods, importance of reaction channels.

— Knowing particularities of many-body methods is critical to revisit them in the continuum.
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Thank you for your attention!
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