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Rutherford BackScattering |
Spectrometry: A Laboratory Didactic

Path about the Basic Interpretation
Models

Federico Corni
Department of Education and Social Sciences,
Faculty of Education University of Modena and Reggio Emilia,
Via G.Campi 2134, I-41125 Modena, Italy
E-mail: federico.corni@unimore.it

Each time a new physical phenomenon is understood in depth, new tech-
niques of analysis are produced, which employ the fresh knowledge to start new
researches in unexplored field. Most of the techniques for material science are
based on quantum mechanics, since matter is studied in terms of interactions
with its microscopic components {e.g. atoms, nucleuses and electrons) or aggre-
gates of them (e.g. molecules, crystals, phonons). However, due to the strong
arientation of the techniques to gain qualitative or quantitative information
(doing measurements), they are often interpreted according to semi-classical
or classical models (e.g. the effective mass for conduction of a charged parti-
cle, the electron gas in a metal, the phonon as a harmonic oscillator ete.). In
this sense, the analysis technigues can be introduced in physics education as a
bridge between classical physics and quantum mechanics with its applications.
Moreover, these techniques offer an opportunity to introduce stimulating topics
of modern physics which in most cases constitute also a synthesis of various
topics traditionally tavght in separate contexts (mechanics, thermodynamics,
electromagnetism etc).

Rutheford Backscattering Spectrometry (RBS) is an analysis technique largely
used in material science [1] and it constitutes a candidate techmique for sec-
ondary school level students. It can be entirely understood and interpreted in
terms of classical models and the teacher is free to deal with each concept also
in terms of quantum mechanics. Moreover RBS can be an exciting subject for
students since they can feel the experience, as in the research field, of interpret-
ing a spectrum and obtaining structural and elemental information about an
actual sample applying physical concepts and models.

The didactic proposal that will be presented follows previous experience
and research works about the introduction of the analysis techniques into the
curriculum of secondary school [2-8] and benefits from a direct involvement in
the use of RBS for condensed matter analyses. The aim of the activity is to
enable students to deal with simple, not trivial RBS spectra and to discuss
them in an appropriate scientific language. 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
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techer training [9] and, snbsequently, employed in various occasions of student
wvedverent in riodern physics and hands-on minds-on activities.

Cultural elements of RBS,

RBS Is a research technique considered to be a fundamental tool for several
analyses in several fields of solid state physics [1]. It provides information about
the depth distribution of the constituent elements of the first hundreds nanome-
ters of a sample. It consists in sending a mono-energetic (some MeV) light ion
beam (principally H+ and Het*) towards the sample and measuring number
and energy of the ions backscattered along a certain direction relative to the im-
pinging beam (Fig.1a). A simple calculation shows that the minimum distance
reached by a He™* ion (Z = 2) with energy E = 2MeV in a head-on collision
with an Ag atom (Z = 47) at rest is smaller than the radius of the inner Ag
electrons (2ZE‘32 = 6.8 X 107 nm vs. % = 1.1 x 10~3nm, with e the elementary
and ag the Bohr radius} indicating that the process can be considered, with fair
approximation, a Rutherford scattering between unscreened nucleuses. There-
fore, besides the treatment in terms of elementary particle within the framework
and the formalism of quanturmn mechanics, it is almost perfectly equivalent to
interpret the process within the classical mechanics in terms of elastic collisions
between charged point masses (Fig. 1b).

For a didactical approach, the main concepts needed to interpret a RBS
spectrum can be reduced to three main and separate basic ideas. Each one will
be introduced as a physical quantity and, at the same titne, interpreted as a
parameter providing information on the target.

detector

Figure 1: a} experimental setup in the scattering chamber of a RBS measure-
ment; b) equivalent physical model in a classical mechanics framework.

1) Kinematic factor K, as answer the following question: what is the energy
of an ion after an elastic collision with a heavier nucleus? Or alternatively, how
can an observer evaluate the mass of a target element from a measure of the
energy of the backscattered ions? This factor is independent of the beam energy
(provided that the process remains a Rutherford scattering, and that inelastic
events - at too low energy - or nuclear interactions - at too high energy - accur)
and can be classically calculated assuming the conservation of kinetic energy
and momentum. A full expression, according to the geometry of (Fig. 1b), can

be
By { Micos6 + \/MZ — MZsin®0
Ky, =

_EU My + M, . !
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2
which reduces to K, = (*AM%) in the case of § — 7 which is the condition

of maximum mass resolution.

2) Scattering cross section o, answering to this question: what is the prob-
ability that an incident ion hits the nucleus of a certain element of the sample
and be sent along a certain scattering direction? Or how can the abundance of
an element in the sample be evaluated from the fraction of scattered ions (or
its scattering efficiency)? An expression of the scattering cross section, in the
same hypotheses of the kinematic factor, is the one attributed to Rutherford:

2
U*(lewz)z 4 (1!1—(%sin9)+cosﬂ)
s

B ) sty 1o (Msing)

My

3) Stopping cross section e, answering the question: what is the average
energy loss of the ion due to its penetration into the matter? Or how can the
in-depth distribution of an element be obtained {rom the energy spectrum of
the scattered ions? In other words, how can we convert the energy scale of the
coliected ions after the scattering into a depth scale?

The stopping cross section is the superposition of the contributions of vari-
ous microscopic phenomens whose efficiency depends on the energy of the jon,
therefore various theoretical expression of this quantity can be calculated de-
pending on the mechanism of the energy loss considered relevant according to
the ion energy. Due to this difficulty, the choice operated in the research is to
use experimental curves of energy loss per unit depth %—E measured from pure
element targets, normalized to the element atomic density N, as a function of
the ion energy £(E) = 4 E(E).

2 2
with o = (-‘ﬁfﬁ%ﬁ) (1 - (-‘7‘—{1)2) in the case of # — .
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