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Syllabus

1. Introduction to strong interactions in the perturbative and non-perturbative regimes.

2. Hadrons and Nucle1

3. Electron and neutrino scattering experiments on hadrons and nuclei: form factors,
elastic and 1nelastic scattering, resonances, deep inelastic physics.

4. Experimental methods and facilities with focus on MAMI and MESA at JGU Mainz.
5. Dark Matter
6. Search for dark matter with "intensity frontier" experiments, in particular, electron scattering
experiments.
7. Search for dark matter with “direct detection” experiments with focus on argon.
8. Nuclear astrophysics and nuclear reactions of astrophysical relevance (in the Big Bang and
stars).
9. Experiments for measuring astrophysical reactions with accelerators.
10. Discussion of a relevant published scientific paper on one of the topics discussed
during the course.
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The MAMI and MESA Facilities
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The MAMI Accelerator complex
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A1 Collaboration Setup
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A1 Collaboration Setup

Spectrometer A
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Spectrometer Design
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Spectrometer Magnetic Optics

Basic equation of motion of charged particles in EM fields: F = Q(E + U X B)

Transfer Matrix formalism
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ikl
Coefficients calculable in principle from equartions of motion.
Practically determined with “experimental ray-tracing”.

Order 5 to 9 are used.
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Spectrometer Magnetic

Optics
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Detectors
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Detectors
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A2 Collaboration Setup
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A2 Collaboration Setup
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Bremsstrahlung

Radiation from (de)accelerated electrons
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Polarised Bremsstrahlung (Linear Polarisation)

Incoherent bremsstrahlung: the electron beam impinges on an amorphous radiator, for example
a thin metal foil. The electrons interact with the electric field of the nuclei and each point of the
“pancake" region can be the end point of the recoil vector q. The cross-section for incoherent
bremsstrahlung the Bethe-Heitler cross section, with dependence ~1/E.

Coherent bremsstrahlung: An electron
beam impinging upon a thin crystal will
produce both incoherent and coherent
radiation. In the coherent case, the
electron interacts with the whole crystal
(not with a single nucleus). The
bremsstrahlung cross-section is thus
enhanced at discrete values of q causing
broad peaks superimposed on the
incoherent spectrum.
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Polarised Bremsstrahlung (Linear Polarisation)

crystal > crystal __ coh incoh
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reciprocal crystal lattice vector. =M X E and non-crystalline radiator.
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Crystall Ball (Nal)
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