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1 INTRODUCTION

Material science requires a number of complementary techniques, to characterise
chemically and physically different structures, surface and bulk. Most of the
modern techniques of analysis are based on quantum mechanics since matter is
studied in terms of interactions with its microscopic components. However, sue to
their strong orientation to do measurements they are often interpreted according to
semi-classical models.

Rutherford experiment on scattering of alpha particles on thin gold foils,
yielded very particular angular distributions of scattered particles: the majority of
particles were scattered in the forward direction, with a tiny fraction undergoing
scattering at backward angles. The angular distribution observed was proportional
to sin4(0/2), with @ being the scattering angle. As well recalled from the history of
Physics such a distribution can be explained assuming that the total positive
charge of atom Ze is centered in a small nucleus. This was a crucial argument
against Thompson’s pancake model of atom. (It happens fortuitously that the
classical formula for scattering due to the Coulomb electrostatic interaction is the
same in classical and quantum mechanics.)

In general, for Coulomb scattering between particles with M; and M> masses
and Zie and Z»e charges the differential cross section do/dw equals [1]
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and in the limit of backward scattering angles 8§ — 7 depends strongly on the M;
/ M ratio.

As the probability of scattering heavily depends on the nucleus charge and is
low for light materials, Rutherford scattering into backward angles can be used to
characterize multilayered structures. RBS provides information about the depth
distribution of the constituent elements of the first hundreds of nanometers of the
surface of a sample. It exploits the phenomenon of collision between a mono-
energetic ion beam and the atoms of the target.
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The RBS analysis techniques

e Allow modern physics to be introduced into the curriculum,

e Suggest approaches of interpretation of quantum mechanical phenomena

and processes in terms of classical models,

¢ Often synthesize various topics traditionally taught in separate contexts.
For the energies (some MeV) and the ions (light ions such H*, He**) employed the
process can be fairly considered an elastic unscreened interaction between the
nuclei as in the Rutherford experiment. The measurement consists in the collection
of the energy spectrum of the ions of the beam which, after a collision with the
atoms of the target, are backscattered along a certain direction.
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Figure 1 a) experimental setup in the scattering chamber of a RBS measurement;
b) equivalent physical model in a classical mechanics framework.

The didactical proposal is based on our previous experience and research works
about the introduction of the analysis techniques into the curriculum of secondary
school and benefits from our direct involvement in the use of RBS for condensed
matter analyses.
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Figure 2 Example of Si multilayer studied by Rutherford Backscattering Spectrometry.
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The materials were prepared for a course of the second level master in modern
physics “Innovazione Didattica in Fisica e Orientamento” (Didactic Innovation in
Physics and Orientation) for teacher training [2,3].

2 THE COURSE STRUCTURE AND CONTENTS

The first part of the course is based on distance-learning, based on the web
platform and comprises the basic concepts of the technique, analysis and
discussion of RBS spectra, and project of didactical paths. The second stage of the
course comprises a didactical part during a one week workshop in presence which
was carried out coinciding with a summer school with 50 secondary school
students selected by profit within the entire nation.

3 THE BASIC CONCEPTS OF RBS

RBS provides information about the depth distribution of the constituent elements
of the first hundreds of nanometers of a sample. It consists in sending a
monoenergetic (some MeV) light ion beam (H* or He**) towards the sample and
measuring number and energy of the ions backscattered along a certain (Fig. 1a).
Due to the order of magnitude of the energy employed, the process can be
considered, with fair approximation, a scattering between unscreened nucleuses
and understood in terms of elastic collisions between charged point masses (Fig.
1b). For a didactical approach, the main concepts necessary to interpret a RBS
spectrum can be reduced into three phenomena: 1) kinematics factor, which
reflects energy and momentum conservation as modelled for hard-sphere
interaction 2) Coulomb elastic scattering cross section, which depends on atomic
numbers of the target and the scattered ion 3) stopping power, which depends on
the probability of inelastic collisions (for detailed discussion see our separate
contribution at these Proceedings).

4 THE DIDACTICAL PATH

This proposal originates from this approach and relies on these three basic
concepts integrating theoretical and experimental activities. It is composed of five
phases.

Experimental and theoretical involvement with kinematic factor and scattering
cross section (1 hour) The students are divided in groups of 5 people each and
perform various activities in parallel. In the first activity they study collisions of
trolleys on a 2 m rail. They verify that the kinematics factor does not depend on the
initial velocity of the projectile and is a monotonic increasing function of the target
mass. The second activity simulates angular distribution in scattering. The students
observe scattering of marble sphere from different wooden forms (scalene
triangles, circles and ellipses). In this way they reflect upon the meaning of cross
section as a statistical quantity and construct histograms containing the
information on the shape of the form and consequently on the kind of the
interaction.
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Figure 3 Example of RBS spectrum for the sample from Fig. 2. Ion beam: He**, Energy: 2
MeV, Scattering angle: 170°.

Discussion of the results obtained by the various groups and introduction of the
scattering and stopping cross sections (30 minutes) After interactive experiments
students present and discuss their results during a guided plenary session. Only
after the discussion, the mathematical expression of the Rutherford backscattering
cross section is presented. At this stage, additional effects in the RBS like inelastic
collisions are discussed.

Problem solving (2.5 hours) As a synthesis of the whole information obtained,
two experimental RBS spectra are discussed and interpreted (30 minutes). The first
type samples are monolayers of Cu, Ag and Au on Si sample, the second type is a
thin Al sample with Au layers on both sides. Such a model samples allow
distinguishing well the kinematics factors, layers density and depth profiling. The
activity ends with a plenary discussion of the student results (1 hour).

5 CONCLUSIVE REMARKS

The presented path is a teaching/learning proposal for the following topics:

e the model of elastic collision (kinematics factor)

e the ion Coulombian scattering (cross section)

e the ion inelastic stopping (stopping cross section)
The path comprises phases of experimental/practical activities as well as phases of
work implying deeper reflection. It allows problems of modern research in Physics
and Material Science to be introduced into school. It creates a context where
modern applications allow to look over the classical Physics concepts again and to



136 Discussion Workshops

check the role of classical Physics in solving interpretative problems. It offers also
the occasion to understand how microscopic structures can be studied through
indirect information and measurements.

The presented path answers the need of experiencing the usefulness in
understanding, knowing, doing research and application. It proposes problem
solving activities where students test their ideas and their ability in interpreting
complex situations.
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