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Description

The antiProton Unstable Matter Annihilation (PUMA) experiment is a new nu-
clear physics experiment at CERN which will provide the ratio of protons and
neutrons in the nuclear density tail as a new observable to test nuclear structure
theories1. To determine this ratio, the concept of antiprotonic atoms is used. As
there is no joint facility for antiprotons and short-lived nuclei available, PUMA
aims at storing antiprotons in a transportable Penning-Malmberg trap at the
Antimatter Factory of CERN and bringing them to ISOLDE/CERN for studies with
radioactive nuclei.

This leads to various requirements and challenges for the trap. The general ob-
jectives on the simulation side are to deepen the understanding of applied ma-
nipulation techniques and to provide fast predictive models with emphases on
stability and control of the plasma, thereby facilitate the setup and adjustment
of the experimental parameters.

This work aims to investigate the longitudinal dynamics of multi-species non-
neutral plasma in Penning-Malmberg traps, esp. the autoresonant excitation
that is used to control the energy of the ions in the nested potential of the PUMA
collision trap.

Work plan

• Numerical integration of the Vlasov-Poisson system of equations in one
dimension for arbitrary external potentials

• Investigate autoresonant excitation and conduct parameter studies

• Explore 3D corrections within CST or other field solvers.

Prerequisites

Interest in numerical methods and field simulation, solid knowledge of the ba-
sics of electrodynamics and physics, basic programming skills
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Figure 1: Sketch of the PUMA
setup1.

Figure 2: Phase space after
passage through resonance
for different plasma densi-
ties2.
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