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I. Physics of the atomic nucleus

2.  A first view on nuclear properties

3. Nuclear Magnetic Momenta

4. Models of the nucleus

5. Nuclear Decays

6.  Nuclear Fusion and  Nuclear Fission

7. Mössbauer Effect

8. Nuclear Magnetic Resonance in medicine

9. Particle detection

10. Scattering processes

11. Nucleosynthesis
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Some useful books

• Povh, Rith, Scholz,

Zetsche:

  Particles and nuclei

   (Springer 1999)

• Krane:

  Introductory nuclear

        physics (Wiley & Sons 1987)

• Segre:

  Nuclei and particles

   (Benjamin 1965)

 Perkins:

  Introduction to high

      energy physics
   (Addison Wesley 1986)

• Halzen, Martin:

  Quarks and leptons

   (Wiley & Sons 1984)

• Kane:

  Modern elementary

    particle physics
   (Addison Wesley 1987)

http://www.e12.physik.tu-muenchen.de/staff/profs/fabbietti.html.en
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Particles Zoo
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Systems, sizes: :Energy-spectra

Povh et al.,

„Particles & nuclei“
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Fundamental interactions
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Discovery of the electron

                     Joseph John Thomson 1897
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Discovery of „X-Strahlen“

                Röntgen 1895
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Discovery of radioactivity

         Henri Bequerel 1896
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Discovery of the atomic nucleus

             Rutherford, Geiger, Marsden 1908 - 1913
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Discovery of the proton as a product of a
nuclear reaction         Ernest Rutherford 1919

14N+ 4He  12O + p

A positive particle was created
with larger range than 4He
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Discovery of the neutron
                        James Chadwick 1932

4He+Be  n+ Ni

 n was detected

measuring the

recoil energy of the

ejected nuclei.
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The nuclear chart
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Segrè: Nuclei and Particles
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How to measure nuclear mass?

Ion source + electric and magnetic field
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E= Energy Filter

B= momentum filter

Mass Standard:  1u=1/2 m(12C)= 931.49... MeV/c2
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Static electric quadrupole and static
magnetic field

Penning Trap
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Cyclotron
Motion +

Magnetron
Motion

Harmonic
Oscillation in z

Cyclotron Frequency:

 Precise Measurement of e-,p and Nuclear  Masses
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Povh et al.,

„Particles and nuclei“

Nuclear binding energy per nucleon

Maximum @ A=60

BE roughly constant throughout most of the
periodic table -->

Constant density of all nuclei? --> Liquid drop
Model
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Liquid Drop Model

•  Spherical dorp to minimize energy in absence of external forces
•  R÷1/N3, N= Nr. of molecules in the drop
•  a= Binding energy of each molecule to the drop 
    Energy= 0  when the molecules are separated by large distances
    E= -aN + 4 R2T
•  T: Surface tensionof the liquid  -> BE = aN - N2/3    binding energy of the drop
•  Given the energy Q of the drop on the surface E =Q2/(8 0R)
    B = aN - N2/3 - Q2/(N1/3) 

B(Z,A) = a
V
A a

S
A

2

3 a
C

Z
1/ 2

A
1/ 3

aV :Volume Term

aS : Surface Term

aC :Coulomb Term

If we stick to this formula for a given A and B the maximum is found for Z=0
That means that something is missing in the formula

1.  p and n are in two different potential wells. If DE is the energy needed to
move 1 proton to the next energy level:

p n

2 E
3*2 E
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N-Z= 2, 4,  6
E=   1   2  5  8..

E÷(N-Z)2 E/8

The sign is determined by the fact that the Binding Energy is
reduced by placing protons in the higher neutron orbitals

Asymmetry Term: -aA(Z-N)2/A The spacing energy E is inverse proportional to
the well volume --> E÷1/A

2 .   2p are always more bound than 1p --> Pairing Term
                        = 0 for odd nuclei
                        > 0 for even-even nuclei           aP/A1/2

         < 0 for even-even nuclei         -aP/A1/2 aP~12 MeV

Total Binding Energy

  

B = aV A aSA
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aV =15.5MeV aS =17.23MeV aC = 0.697MeV aA = 23.285MeV aP =12MeV

found by fitting the data
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Krane: Introductory nuclear physics

Contributions to the nuclear binding energy
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Odd A

Even A

  +decay :

p  n + e+ + e

  -decay :

n  p + e- + e


