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Idea  behind and rational of this course: 

in the  bachelor course 'Experimentalphysik IV, Kern- und Teilchenphysik' you
have all been exposed to a concise introduction into these two fields.

The current course builds on this and provides a survey, from a mainly
experimental point of view, of selected highlights in the field of nuclear
physics. 

Altogether, there will be 21  lectures and 6 recitations. Copies of the lecture
files as well as material for the recitations can be found on the lecture web
pages. There you will also find info on relevant textbooks as well as some
recent review papers on the subjects of the course.

The course outline is given in the next 2 slides.

The recitations will deal with homework problems built around the lecture
material. Successful participation in the course will be demonstrated by active
participation in the recitations and by  completing a take-home exam. There
you will be asked to answer, in writing, a number of specific questions about a
research paper dealing with a topic treated in the course. The take-home
exam will be distributed on July 22, 2022 and answers should be returned by
email on July 29, 2022. Successful completion of the course requirements will
earn you 4 ECTS points . 



  

OUTLINE of the lectures
                                       part 1

1.    April 22    introduction, units, quick reminder of standard model
2.    April 26    the nucleon, static properties
3.    April 29    the nucleon radius, a crisis and its resolution
4.    May   3     deep inelastic scattering and the parton model
5.    May   6     recitation 1
6.    May  10    how many gluons in a proton?
7.    May  13    gluon saturation at low x
8.    May 17     proton tomography
9.    May 20     recitation 2
10. May 24     the quark model, news and surprizes in hadron structure

                                       
                                        part 2

11.  May 27      the structure of atomic nuclei  
12.  May 31       the chart of nuclides
13.  June  3      recitation 3
14.  June 7       nuclear structure near the drip lines
15.  June 10     element formation in stars, from H and He to Fe
16.  June 14     heavy element production, the r and s process
17.  June 17     recitation 4           

                                      part 3
18.  June 21     super-nova explosions and heavy element production 1
19.  June 24      super-nova explosions and heavy element production 2 
20.  June 28     the structure of neutron stars 
21.  July    1      recitation 5



  

 

Outline of the lecture

                part 3

22.  July   5   neutron star mergers 
23.  July 8     collisions of relativistic nuclei 
24.  July 12    decoding the QCD phase structure with relativistic nuclear coillisions
25.  July  15   extreme matter: from cold quantum gases to the quark-gluon plasma via
                      black holes
26.  July 19    recitation 6
27.  July 22    multi-charm hadrons and quark deconfinement
       July 26   exam week
       July 29   exam week



  

Lect. 1

 Historical remarks
 Orders of magnitude
 'Natural' units ħ = c = 1
 Some non-relativistic and relativistic kinematics
 Survey of interactions
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Brief history of QCD

●  1954   non-abelian gauge theories  --- Yang & Mills
●  1964   quark model (8-fold way)   --- Gell-Mann & Zweig
●  1964   color degree of freedom      --- O. Greenberg
●  1969   deep inelastic scattering at SLAC

              Bjorken:  scaling from current algebra – point like
constituents
              Feynman:  infinite momentum frame – partons

●  1970   GIM mechanism, 4th (charm) quark
              Glashow, Iliopoulos, Maiani

●  1971   non-abelian gauge theory is renormalizable
             t'Hooft & Veltman

●   1973  SU(3)c  --- Gell-Mann, Fritzsch, Leutwyler
●   1973  asymptotic freedom  --- Gross & Wilczek, Politzer
●   1974 discovery of charmonia  --- bound states of QCD



  

●  1975   hadron jets in e+e-     --- SPEAR
●  1976   prediction of gluon jets --- Ellis, Gaillard, Ross
●  1979   discovery of the gluon  --- PETRA experiments at

DESY
●  1980   running of alpha_s     ---   PETRA
●   1988 – 2005                        ---  DIS and HERA@DESY
●    2003 – 2020+  'exotic' hadrons at Belle, Babar, LHCb, ...
●    2005   'perfect fluid' scenario for QGP at RHIC
●   2009 -                                 Hadron structure, QCD and

LHC@CERN
●

●   2012   discovery of Higgs particle by ATLAS and CMS
●   2017   deconfined quarks in the QGP

mailto:HERA@DESY
mailto:LHC@CERN


  



  



  



  



  



  



  



  



  



  

Baryons and Mesons are colorless Objects



  



  

source:
PDG
Wikipedia



  



  



  

Ecm = √s   s = (p1 +p2)2
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