EXAM, Atomic and Molecular Interactions 2014 la (Schlathdlter), 6/11/2014, 10:00-12:00

1. Rutherford scattering

A0

A0

A0

1.5 MeV o-particles impinge on a very thin gold foil (Z,,=79) with carbon contaminations.

a) What is the distance of closest approach between o-particle and a gold/carbon atom? How does
this compare to nuclear size and typical radial distributions of atomic electrons? Why is this
comparison relevant for Rutherford scattering?

b) What is the impact parameter of a-particles scattered through 90°?

c) Draw a sketch of the backscattering spectrum with energetic positions and relative heights of
the peaks. Discuss the spectrum. How would the spectrum change, if the contaminated gold foil
was much thicker? How would it change, if the carbon had the form of a thin film on top of the
thick gold foil?

Stopping power

Over a wide range of kinetic energies, ions moving through matter lose their energy predominantly

by interactions with electrons.

a)

b)

Sketch the electronic stopping power curve as a function of ion kinetic energy. Explain, why
the curve has a maximum. Explain why different mechanisms dominate at high and low kinetic
energy, respectively. Does the curve look qualitatively similar for electrons, antiprotons and
neutrons?

In a Rutherford backscattering experiment, 10 MeV H ions interact with an Aluminum target
covered by a 100 nm thick layer of water (H,0, density: 1 g/cm3). Use the Bethe-Bloch formula,
to estimate the kinetic energy of those o-particles, which were backscattered from Aluminium
atoms directly behind the water layer.

Radiotherapy with energetic photons or MeV ions can be used to treat tumors, because the
deposited energy can e.g. induce DNA damage via various mechanisms. It is currently under
investigation, if metal nanoparticles (e.g. Gold (Z=79), Platinum (Z=78)) in the tissue can improve
the cancer-cell killing effect of the radiation for energetic photons and MeV ions. What could
the mechanism be?

Charge exchange

a)

b)

c)

Consider the charge exchange reaction 0%*+H->07++H* and determine the cross section using
the classical overbarrier model. Into which O7* n-level is the electron predominantly captured?
Sketch the electron capture cross section in ion-atom collisions as a function of collision energy.
Discuss the three different capture mechanism that play a role in the different energy regimes.
Assume the charge exchange reaction 08*+N-> O5* + N3*, The 3 electrons are captured into
higher lying O n-levels. Discuss, how such a highly excited “hollow” system de-excites into the
ground state. Why can the de-excitation be a problem for the experimental determination of
the cross section?

Molecular physics
What is the Born-Oppenheimer approximation and why is it important?
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