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Accumulation, storing and cooling techniques play an increasingly important role in 
many areas of science. This is reflected by the awards of Nobel prizes within the last 
two decades to ten pioneers of particle, ion, or atom cooling. In the beginning, 
storage of charged particles in ion traps was motivated purely by basic research. 
Today, ion traps find numerous applications especially in chemistry, but also for trace 
analysis, mass spectrometry, metrology, plasma physics, molecular and cluster 
physics, quantum computation, and so on. 
 
 
Part A of the series of lectures will deal with the basics of ion trapping and cooling for 
high-precision experiments with stored particles. For this purpose, there are three 
major types of realization: radio frequency quadrupole (Paul) traps where a time-
varying quadrupole electric field is applied to the electrodes for confinement, Penning 
traps which use a combination of a homogenous magnetic field with a static electric 
quadrupole field and storage rings consisting of dipole magnets and magnetic lenses. 
The underlying basic principle of these storage devices will be discussed. Since 
cooling is essential for many applications of these devices the most important cooling 
techniques will be presented. Meanwhile many experiments take the advantage of 
using highly-charged ions or deal with radionuclides. Thus, the major production 
mechanisms of highly-charged ions and radionuclides will be addressed. 
 
 
Part B of the series of lecture will concentrate on recent applications of ion traps to 
atomic and partly to nuclear physics and put emphasis on ion trap experiments 
performed at accelerator laboratories. To a substantial part, these applications are 
central issues of the Research and RTD Networks sponsored during the last years by 
the European Community (EUROTRAPS, EXOTRAPS, HITRAP, NIPNET, 
IONCATCHER). In the frame of these networks, quite a number of novel instruments 
were and are being developed, or further optimized, such as Penning trap mass 
spectrometers of very high resolving power and accuracy and set-ups for weak 
interaction experiments, QED and CPT tests, the determination of fundamental 
constants, laser spectroscopic studies of short-lived radionuclides at on-line isotope 
separators or for the spectroscopy of highly charged ions. 
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The content of the lecture is: 
 

 
0) Introduction and Motivation 

 
A)  Physics of ion traps 
 

1) Lecture 1: Principle of storing charged particles 
 
2) Lecture 2: Cooling techniques for charged particles 

 
3) Lecture 3: Production of highly-charged ions and radioactive nuclei 

 
B)  High-precision atomic experiments with ion traps 
 

4) Lecture 4: Performance and applications of ion traps 
 
5) Lecture 5: Test of Quantum Electrodynamics in extreme fields: g-factor of the 

free and bound electron 
 

6) Lecture 6: Weak interaction studies 
 

7) Lecture 7: The importance of atomic masses and Penning trap mass 
spectrometry 

 
8) Lecture 8: Future techniques and experiments  

 
9) Summary and conclusions 

 
 
 


