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Syllabus
1. Introduction to strong interactions in the perturbative and non-perturbative regimes. 
2. Hadrons and Nuclei 
3. Electron and neutrino scattering experiments on hadrons and nuclei: form factors, 
    elastic and inelastic 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

MAMI-B 
3 cascaded Racetrak Microtrons 
E=180-883 MeV 
Max beam current 100 uA c.w.

MAMI-C (since 2007) 
Harmonic Double-sided Microtron 
E= 1.5 GeV 

A1 Collaboration 
3-spectrometer setup 
Experiments with electrons 

MESA 
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The MAMI Accelerator complex

MAMI C HDSM
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A1 Collaboration Setup

12 m
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A1 Collaboration Setup

Spectrometer A

Spectrometer B

Spectrometer C

MAMI Electron Beam
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Spectrometer Design
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Spectrometer Magnetic Optics
<latexit sha1_base64="kKvnDvHC28J5IwH87IIzRF5i5a4=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoCCURUS9CqSgeK9gPaEPZbLft0s0m7k6KJfSvePGgiFf/iDf/jds2B219MPB4b4aZeX4kuAbH+baWlldW19YzG9nNre2dXXsvV9NhrCir0lCEquETzQSXrAocBGtEipHAF6zuD64nfn3IlOahfIBRxLyA9CTvckrASG07d4uv8GPh5mTYAh4wjcvHbTvvFJ0p8CJxU5JHKSpt+6vVCWkcMAlUEK2brhOBlxAFnAo2zrZizSJCB6THmoZKYvZ4yfT2MT4ySgd3Q2VKAp6qvycSEmg9CnzTGRDo63lvIv7nNWPoXnoJl1EMTNLZom4sMIR4EgTucMUoiJEhhCpubsW0TxShYOLKmhDc+ZcXSe206J4XnfuzfKmcxpFBB+gQFZCLLlAJ3aEKqiKKntAzekVv1th6sd6tj1nrkpXO7KM/sD5/AE8Jkq8=</latexit>

F = q(E + v ⇥B)Basic equation of motion of charged particles in EM fields:

Transfer Matrix formalism

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

<latexit sha1_base64="BiyJyDJW9MOKTPyUUa+hsqNv0Yk=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKqBch6MVjBPOAZAmzk95kyOzDmd5gWPMdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tpaWV1bX1nMb+c2t7Z3dwt5+XUeJ4lDjkYxU02MapAihhgIlNGMFLPAkNLzBzcRvDEFpEYX3OIrBDVgvFL7gDI3klh6f2tgHZCf0yu4UinbZnoIuEicjRZKh2il8tbsRTwIIkUumdcuxY3RTplBwCeN8O9EQMz5gPWgZGrIAtJtOjx7TY6N0qR8pUyHSqfp7ImWB1qPAM50Bw76e9ybif14rQf/STUUYJwghny3yE0kxopMEaFco4ChHhjCuhLmV8j5TjKPJKW9CcOZfXiT107JzXrbvzoqV6yyOHDkkR6REHHJBKuSWVEmNcPJAnskrebOG1ov1bn3MWpesbOaA/IH1+QOBbZFF</latexit>

(x|✓) = 0

Point-to-point 
focussing 
in dispersive plane:

<latexit sha1_base64="eXKlCRC69ZAwm0R55UxOxUFXSSY=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS8mKqBeh6MVjBfsB7VKyabYNzWbXJCssa/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZ58eCa4Pxt7O0vLK6tl7YKG5ube/slvb2mzpKFGUNGolItX2imeCSNQw3grVjxUjoC9byRzcTv/XIlOaRvDdpzLyQDCQPOCXGSu1K+pSeoCvcK5VxFU+BFombkzLkqPdKX91+RJOQSUMF0brj4th4GVGGU8HGxW6iWUzoiAxYx1JJQqa9bHrvGB1bpY+CSNmSBk3V3xMZCbVOQ992hsQM9bw3Ef/zOokJLr2MyzgxTNLZoiARyERo8jzqc8WoEaklhCpub0V0SBShxkZUtCG48y8vkuZp1T2v4ruzcu06j6MAh3AEFXDhAmpwC3VoAAUBz/AKb86D8+K8Ox+z1iUnnzmAP3A+fwC5B48b</latexit>

(y|y) = 0

Parallel-to-point 
focussing 
in non-dispersive  
plane:



Luca Doria, JGU Mainz Advanced Subatomic Physics 10

Detectors
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Detectors
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Focal Plane Polarimeter
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A2 Collaboration Setup
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A2 Collaboration Setup
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Bremsstrahlung
The “pancake” region

Fractional Energy

Minimum longitudinal momentum

Nucleus recoil energy (about zero)

Energy-momentum conservation

Radiation from (de)accelerated electrons

<latexit sha1_base64="csg0al4LiNLINWN8TgE9V5jxZv0=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQyCp7Aroh6DIniMYB6QDWF20psMmX0w0yuEJQcv/ooXD4p49SO8+TdOkj1oYkFDUdVNd5efSKHRcb6twsrq2vpGcbO0tb2zu2fvHzR1nCoODR7LWLV9pkGKCBooUEI7UcBCX0LLH11P/dYDKC3i6B7HCXRDNohEIDhDI/XssodDQEY9CVprEVIvUIxn7iS7mfTsilN1ZqDLxM1JheSo9+wvrx/zNIQIuWRad1wnwW7GFAouYVLyUg0J4yM2gI6hEQtBd7PZExN6bJQ+DWJlKkI6U39PZCzUehz6pjNkONSL3lT8z+ukGFx2MxElKULE54uCVFKM6TQR2hcKOMqxIYwrYW6lfMhMCmhyK5kQ3MWXl0nztOqeV527s0rtKo+jSMrkiJwQl1yQGrklddIgnDySZ/JK3qwn68V6tz7mrQUrnzkkf2B9/gDAX5gq</latexit>
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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.

“coherent edge”

reciprocal lattice vector

Polarised Bremsstrahlung (Linear Polarisation)
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Enhancement:

Degree of polarization:

Parallel and orthogonal directions are 
defined with respect to the plane identified 
by the incoming electron and the lowest 
reciprocal crystal lattice vector. 

C i rcu la r po lar i sa t ion i s 
achieved with polarised beam 
and non-crystalline radiator.

Polarised Bremsstrahlung (Linear Polarisation)
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Crystall Ball (NaI)

Energy in the Crystal Ball 
(almost total E measurement)
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Bethe-Bloch Formula

Density [g/cm3] 3.67

Melting point [K] 924

Thermal expansion coefficient [C-1] 47.7 x 10-6

Cleavage plane <100>

Hardness (Mho) 2

Hygroscopic Yes

Wavelength of emission max. [nm] 415

Refractive index @ emission max 1.85

Primary decay time [ns] 250

Light yield [photons/keVγ 38

Temperature coefficient of light yield 0.3%C-1


