
Preface 

This book originates from lectures given to undergraduate and graduate 
students over several academic years. Students questions and interests have 
driven the need to make systematic and comprehensive (we hope) the pre- 
sentation of the basic principles of a field which is under continuous de- 
velopment. The physics principles of radiation interaction with matter are 
introduced as a general knowledge background needed to understand how 
radiation can be detected. Technical developments are making available 
detectors and detecting media of increasing complexity. Historically, the 
first nuclear particle detectors (like those based on X-rays films) were very 
simple. In the course of time, the detectors have become more and more 
sophisticated. In addition, complex systems of detectors generally targeting 
a wide range of physics goals led to large experimental apparata often con- 
stituted by several sub-detectors. These large detector assemblies require 
dedicated methods of reconstruction and analysis of data to decrease the 
experimental errors. Therefore, both detectors and detection methods are 
fields of developments and investigations. To be detected, radiation and 
particles have to interact during their passage through a medium. There- 
fore, the first chapters are dealing with collision and radiation energy losses 
by charged particles, photon absorption and nuclear collision in matter. A 
particular attention has been given to the discussion of both the energy loss 
and the energy straggling, and the absorption of photons and hadrons in me- 
dia. The second part of the book covers the particle energy determination, 
solid state, wire chambers and droplet detectors, and applications in the 
field of nuclear medicine. Detailed examples are presented which illustrate 
the operation of the various types of detectors, and help the understanding 
of the optimization factors. 

We are grateful for the help received from individuals and groups of 
students in writing this book. The chapters on electromagnetic and hadron 
interactions in matter have taken advantage of discussions with undergrad- 
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uate and graduate students of the University of Milan and Montreal. Their 
questions have helped the shaping of the content of these chapters. Help 
for the drawing of some of the figures and assistance have been provided by 
Pasquale DIAngelo from the National Institute of Nuclear Physics (Milan) 
and Dr. Simonetta Pensotti from the University of Milano-Bicocca. The 
chapters on solid state and nuclear medicine benefitted from the input of 
CBline Lebel PhD student at the University of Montreal and Dr. Patrick 
Roy former PhD student at  the Montreal University. We have to ac- 
knowledge our collaborators of the SICAPO collaboration for the scien- 
tific achievements in the field of high energy electromagnetic and hadronic 
shower propagation in matter presented in the chapter on particle energy 
determination. Sections of the chapter on droplet detectors present results 
obtained in the framework of the PICASSO experiment in Montreal. They 
are the result of collaboration with Profs. Louis Lessard and Viktor Zacek 
of Montreal University. Input on this chapter has also been provided by 
Marie-H6lhne Genest. The part of the chapter on wire chambers dealing 
with ionization chambers and their application in the measurement of liq- 
uid argon purity borrows material developed with our Dubna colleagues, in 
particular Drs. Alexander Tcheplakov and Victor Kukhtin. 

We wish to thank many Authors and Editors who permitted us to re- 
produce adapt figures from their articles or books. For their permission in 
reproducing materials and figures, we acknowledge the Annual Review of 
Nuclear Science, the American Physical Society (APS), Cambridge Univer- 
sity Press, European Organization for Nuclear Research (CERN), Elsevier, 
the International Atomic Energy Agency (IAEA), the Institute of Physics 
(IoP), the National Academic Press (NAS), Zeitschrift fur Naturforschung, 
the Oxford University Press, Physica Scripta, the Italian Physical Society 
(IPS), and Springer-Verlag. We wish to thank for their collaboration Profs. 
A. Bohr, A. Fassb, R. Fernow, B. Mottelson, B. Povh, J.O. Rasmussen, K. 
Rith, G.B. Yodh, F.  Zetsche, the Particle Data Group at Lawrence Berkeley 
National Laboratory, and the American Institute of Physics responsible for 
the succession of E. Segrk. The permissions are indicated in figure captions 
according to the indications from Editors. 
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