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Unveiling the frontier of antiprotonic atom synthesis
using trapped anions
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Exotic atoms, formed by substituting one or more of their constituents—electrons, protons or neutrons—with
others of the same electric charge, have played a pivotal role in studying the fundamental interactions in
nature. Antiprotonic exotic atoms, containing at the same time matter and antimatter can be used to test
matter-antimatter asymmetries, one of the unresolved questions in modern physics. The advancements in
ion trapping technology unlock novel possibilities for controlled synthesis and manipulation of these exotic
systems directly within traps.

Antiproton Deceleration (AD) and Extra Low Energy Antiproton (ELENA) rings at CERN are the world’s only
source of abundant, low-energy antiprotons appropriate for synthesis, manipulation ad studies of antimatter.
At the Antimatter Experiment: Gravity, Interferometry, Spectroscopy (AEgIS) up to 3.7 × 106 of antiproton
particles are trapped and utilized to study of antihydrogen atoms. The experiment uses pulsed production
mechanism by merging cold antiproton plasma with Rydberg-excited positronium (Ps*) cloud and the subse-
quent charge exchange:
p+Ps∗ → H∗+e−.AnionicmoleculescanbetrappedandcooleddowninthePenning−MalmbergtrapsoftheAEgISexperimenttogetherwithantiprotons.AfterneutralizationandRydbergexcitationoftheanionsA− →
A∗acoldantiprotonreplacesanelectronoftheoutermostatomicorbital, leadingtosynthesisoftheexoticatom :p+
A∗ → pA∗ + e−.
P reviously, exoticatomswerecreatedbyinjectionofMeV antiprotonsintobulkgaseousorsolidmaterials.Theresulthasbeenaninstantaneousejectionoforbitalelectronsandconsecutiveantiprotonannihilationonthenuclearsurfacewithoutthepossibilityofadetailedstudyofthefullprocess.

In our approach, we aim to achieve a controlled exotic atom formation, in a cold, near static system.
By using heavy and mid-heavy ions we will extend the lifetime, magnify and diversify observable
processes: orbital electron ejection, surface annihilation and nuclear fragment formation. In our
method, wewill be able to performmeasurements at every stage of the process, fromAuger cascade
and fluorescent spectroscopy of ejected electrons to measurement of half-life of Highly Charged
Ions and nuclear hyper-fine structure after nuclear fragmentation.
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