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It is relatively easy for those who work every day with positrons to accept them as commonplace.  
This is not the view of almost everyone who does not work with these particles; they remain 
mysterious and other-worldly, and the research they facilitate is also often seen as left-field; 
photons, neutrons, even muons are seen as conventional probes, whereas positrons are (literally) 
another matter.  The fact remains that over the past half-century positrons have been used in an 
increasingly diverse array of techniques in an ever-widening range of fields, from fundamental 
astro-, atomic and high-energy physics to very applied areas such as front-end semiconductor 
device processing and medical imaging. 

This volume reflects the wide and fascinating variety of fields to which positrons have made 
important contributions.  In particular, the development of low-energy (eV-keV) beams of 
essentially mono-energetic positrons in the late 1960’s opened the door to an even wider range of 
fundamental and technological studies, from surface physics to polymer films.  In her Introduction 
Prof. Ganguly gives the reader some background to the extent to which positrons have influenced 
and contributed to work in different fields. 

Advances in Techniques 

The health of any field of scientific endeavor relies on the continuous upgrading and renewing of 
experimental and theoretical techniques.  Positron experimentalists, for example, have a long 
history of innovate thinking – partly because they need to consider what information a positron can 
give them about what they’re interested in, and partly because positron spectroscopies can be very 
challenging.  Consider that in the 1970’s it was common to work with less than one positron per 
second in a mono-energetic beam, and the ingenuity and endeavor required to increase this to a 
level at which cold anti-hydrogen can be created by bonding with antiprotons, or positronium 
molecules can be formed and studied in the laboratory.  This inventive aspect of positron beam-
related research is reflected by the four articles in Section B of this volume.   

Anwand et al. describe the fundamentals of constructing a laboratory, radioactive-source-based 
positron beam system for ‘general use’ – i.e., the study of the physical, chemical and electronic 
structure of thin samples and near-surface regions by Doppler broadening of positron annihilation 
radiation.  An enormous amount of valuable high-quality research can be performed with a well-
constructed system like this.   In contrast, two articles (by Wagner et al. and O’Rourke et al.) 
describe work done at large accelerator facilities.  The latter gives a review of large-scale user 
facilities worldwide and the development of intense pulsed beams of positrons with which to 
measure lifetimes and thus gain information, with some depth sensitivity, on the atomic-scale 
structure of thin layers and samples.  The former presents a fascinating example of how an 
accelerator facility intended to produce an intense electron beam can lead to a new technique, here 
the creation of positrons by pair production within the sample under study by bremsstrahlung 
radiation.  This method for ‘source-free’ lifetime and Doppler broadening measurements readily 
extends the applicability of these spectroscopies to a wider range of targets, including fluids and 
biological samples. 

A further excellent example of ingenuity in the study of positron interactions with matter is 
given in the article by Čížek et al.  Annihilation in flight is a challenging topic for experimental 
investigation, but the authors illustrate how difficult measurements can be made with imaginative 
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development of techniques – in this case a low-background digital gamma coincidence 
spectrometer.  

Applications  

As has often been said, positron annihilation is not a field in itself but the basis of a raft of 
spectroscopies which have applications in a staggering variety of endeavours.  While the majority 
of the articles in this section bear witness to the important role played by positron-based 
spectroscopies in materials science, the extension from metals and alloys to technologically 
important thin films, polymers, through to new applications in the life sciences provides evidence of 
the versatility of the techniques developed. 

Silicon has been one of the elements most extensively studied by positron annihilation, because 
of its continued pre-eminence in semiconductor devices and the capability of variable-energy 
positron beams to probe thin near-surface layers.  The article by Amarendra et al. reviews positron 
studies of defects in silicon and in silicides. Čížek et al. present a review of their work on palladium 
films, which have many practical applications but can buckle, when loaded with hydrogen and 
which can be informatively probed by mono-energetic positrons as well as more conventional 
techniques. 

The applications of metallic alloys are varied and technologically important, and their 
interrogation by positrons has long provided useful insights into their properties on the atomic 
scale.  A current example is the cobalt-based alloy HAVAR (May-Tal Beck et al.), which is used in 
the production of fluorine-18 for positron emission tomography but which can suffer radiation and 
chemical damage.  The importance of understanding defect structures in steels used or proposed for 
use in nuclear plant applications is underlined by two articles in this volume (by Kögler et al. and 
Butterling et al.), the former focusing on FeCrAl alloy strengthened by oxide dispersion, and the 
latter to irradiated FeCr alloys. 

Metallic and compound oxides are currently candidates for many new applications, and positrons 
are again being used to probe their atomic, electronic and chemical structure with the view to 
understanding how these factors can influence their properties and hence performance.  One of 
these is zirconia (Procházka et al.), an oxide with enormous technological potential in many diverse 
areas.  Zinc oxide is a prime candidate for new semiconductor applications, but its successful 
implementation depends on understanding its properties on the atomic scale.  The contribution by 
Čížek et al. describes work using positrons and atomic force microscopy to endeavor to understand 
the behavior of hydrogen and its interaction with defects in zinc oxide crystals. 

Perovskite oxide films (for example strontium titanate) are the potential basis for a number of 
novel multifunctional electronic devices, and are featured in two contributions to this volume – by 
Keeble and by Potzger et al. – both concerned with the role of defects and their characterization.  
The former presents a comprehensive review of the identification of point defects in strontium 
titanate, but also includes other ABO3 materials, and the latter also discusses characterisation of 
dilute magnetic semiconductors, which have potential for use in spintronics. 

The study of the properties of bulk and thin-film polymers – including for example free volume 
studies - has for many years been a productive line of research for positron experimentalists; 
positronium (Ps) formation and decay plays an important role in aspects of this work. Positron and 
Ps chemistry of polymers, extended to functional polymeric materials, is discussed in this volume 
by Kobayashi. 

Appropriately, the volume ends with a review of some applications of positron spectroscopy - 
including the use of positron beams for thin-sample work – in the life sciences.  These applications, 
including studies of drug delivery and bio-compatible materials, membranes, and biological tissue, 
demonstrate the extent to which the reach of positron annihilation-based spectroscopies has been 
extended in recent years. 



 
 

 

Poetry 

Both papers which begin this volume include scientific poems.  Gerhard Brauer suggests that this 
art form could be used to communicate ‘difficult’ scientific ideas to non-scientific readers, and 
gives an example of a poem written by a non-scientist (in this case his mother) inspired by the 
mysterious Higgs boson, before its discovery.  The point here is that the very existence of the 
positron, and indeed all antimatter, is likewise very difficult to explain, and that we need to consider 
all possible avenues of communication. 

Summary 

The time between theoretical prediction and experimental identification of the positron was 
incredibly short – consider for example the decades which have elapsed since Higg’s paper and the 
reported discovery of his boson in 2012.  In the eighty years for which they have been known to us 
positrons have evolved from strange particles whose properties we at first strove to understand to 
become versatile, informative and sometimes unique probes of matter which today are used in many 
different fields of scientific and technological research all over the world, to which this volume 
bears witness.  It is to be hoped that the tradition of enterprise and ingenuity which has thus far 
characterized their use with continue to enable important fundamental and applied work in the 
future, both on the small scale in university laboratories and on the large scale in reactor and 
accelerator facilities. And in doing so may they move from left field to centre stage. 


