Lectures on the Physics of the Nucleus
FZ Dresden-Rossendorf, Feb-April 2008

Hermann Wolter

(Ludwig-Maximilians-Universitat Minchen)

Lect. 2, Feb. 22, 2008

0. Introduction: nucleus as a many-body system

1. Reaction theory

1.1 Scattering states, cross sections

1.2 Born approximation

1.3 Partial waves

1.4 Reactions, reaction amplitude, S-matrix
1.5 Optical potential

1.6 Distorted waves, DW Born Approximation
1.7 Resonace scattering, R-Matrix

2. Compound nucleus
and compound nuclear reactions
3. Single particle models
4. Pre-equilibrium reactions
5. Many body methods (brief)
6. Collectice motion (mainly vibrations)



Summary from last lecture:

3-dimensional scattering problem:

differential cross section
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Lippmann-Schwinger Eq. (formal solution)
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Born Approximation
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high energy approximation



Examples and Applications:
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Applications of BA (contd.)
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DIFFERENTIAL CROSS SECTION IN CH® STERAD™
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Figure 3.4  Charge donsitie 1) of severad nuclel measured by electron scattering.
The width of the line indicates tl.u xperimental uncestainty. [from B, qu Proceedings
aof the Niels Bokr Centennial Symposivm, North-Holland, Amsierdam, J!el'.ﬁ p. 185)



Partial waves:
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Scattering with Coulomb interaction

(infinite range)
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Low energy scattering: ,,scattering length®, E -> 0
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Reactions
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Nuclear reaction theory —
sketch in analogy to scattering theory
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Reaction amplitude

(analogous to scattering amplitude in the potential scatterin)
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Optical Potential:

Effective description of scattering in the
presence of open channels
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Optical Potential:

complex potenial -> complex index of refraction
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Optical pot. fit of elastic
scattering; p + A, 30 MeV
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Alternative view on absorption by OM:

—> Derive continuity eq. from Schrodinger eq.
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Remarks to the microscopic understanding
of the Optical Potential:
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1. This s a formal expression; explicit calculation difficult, since sum over all states in Q (but possible

for certain claases of states)

Opt. Potential usually determined empirically by fir to elastic scattering (as above)

Derivation of an optical potential also possible from a different perspective (Feshbach, Porter,

WeiBkopf, 1954): Overlapping compound nuclear resonances can be represented by the cross

section of a complex potential (later)

4. General principle:

when limiting a wavefunction to a subspace of the complete spce, one obtains an effective

interaction.

If the Q-space contains open channels, the effective interaction becomes complex.




Thank you for your interest!

...... until the next time!



