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Abstract

Ramsauer and Kollath in a pioneer experiment, in 1931 in Berlin-Reinickendorf, noticed complex dependences for angular distributions in electron scattering on atoms [1]. The wave quantum mechanics describes the incident electron plane-wave as a sum of partial waves with quantified momentum and the differential cross section as a series of Legendre polynomials.

We present an easy macro written in MsExcel allowing to chose by "potentiometers" the angle of the phase shift and the normalization of the experiment. We apply this model to electron and positron scattering on argon atoms. One sees immediately how "diffraction" patterns appear in differential cross sections.

1. Electrons and waves

Wave phenomena are characterized by interference. The impression of an acute dissonance happens when beats are below 50 Hz in frequency. 
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Fig.1a. Interference of two sinusoidal waves in time-domain. 1b. Interference of spherical waves from a point-like and an extended object – inteference in space-domain. 

Quantum mechanics is another example of wave interference. In a scattering processes, the monochromatic, well-collimated beam of particles corresponds to a plane de Broglie wave Ψ0 = exp(ikz), with k being the wave number. Following Huyghens’ principle, the scattering center acts as a source of spherical wave Ψ’ = exp(ikr).  Obviously, the scattered wave need not be perfectly spherical, so we add an angular factor Ψ’ = f (θ) exp(ikr). Angular distribution of scattered electrons are complicated functions of energy.

2. Ramsauer effect

Carl Ramsauer, in Gdansk, 1921 was the first who showed that electrons behave like waves. At some energies the gases like Ar, Kr become transparent to them: the cross section shows a minimum [2], see fig.2. This is a wave-like effect.
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Ramsauer's Apparatus.
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Fig.2. Schematic set-up of Ramsauer apparatus for total cross sections and measurements for helium, neon, argon [2] 
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Fig.3. Schematic set-up of Ramsauer apparatus for differential cross sections and measurements for helium, neon, argon [1] 

In 1931, in Berlin- Reinickendorf, C. Ramsauer and R. Kollath measured  angular distribution of scattered electrons, i.e. differential cross sections [1]. They observed complicated dependencies of the cross section, with diffracion-like patterns, confirming Quantum wave mechanics.  
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Fig.4. Total cross sections for positron scattering on argon [3]. Differently from electrons, no Ramsauer minimum is observed. 

3. Positron scattering

Positrons are electrons with a positive sign. A long discussion lasted, if positrons also show Ramsauer minimum. New measurements from Trento showed surpsisingly that the (integral) cross section reamains constant, like predicted by Classical Mechanics for hard sphere scattering. A “small” problem arises:  if scattering is classical, angular distributions should be uniform in angle. This is not the case! Therefore, a careful analysis of diferential cross sections has to be performed. We tried different theoretical approaches and, finally, we have constructed a friendly- programme, useful also for didactics.

4. Quantum or classical?

In Quantum Mechanics, the plane wave describing the impinging electron is developed into spherical, partial waves. Cross sections are calculated from phase shifts indiced into the plane wave due to the scattering center. The change in the phase of the scattered wave due to the potential is obtained from Schrödinger’s equation [4].

In detail, the scattering amplitude is given by: 
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where lħ is the angular momentum in the collision, l=0,1,2…,  ηl  are the ”phase shifts” of the respective partial waves and Pl(cos ) are Legendre polynomials. The differential cross section (angular distribution) is given by 
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The integral cross-section is given by 
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But the scattering potential is unknown…
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Fig.5. Lay-out of the “qscattering.xls” module

A module in EXCEL has been constructed allowing to adjust  phase shifts. Now, we can reproduce any angular distribution with a few partial waves! Note, that the differential cross sections is a modulus of the scattering amplitude, which in turn is a complex function. In this way, we show how complex functions, with Legendre polynomials factors, do sum. So it is also a lesson of complex algebra.
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Fig.6. Differential cross sections for positron scattering on argon. Present model allows to adjust easily phase shifts, in order to rerpduce the experimental data.  

From the point of view of physical processe in the scattering, the presetn model shows  that angular distributions can be reproduced, and integral ones also, but phase shifts are somewhat artificial. An inelastic process must be added!

And why quantum mechanics does adjust itself to the Classical (a hard-sphere) result?
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