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Vorlesung:

Teilchenphysik I (Particle Physics I)

       Einführung und Organisatorisches 



Master-Kurs

  Teilchenphysik I ( Particle Physics I )
        Prof. Dr. G. Quast, PD Dr. Klaus Rabbertz & viele Assistenten

     Vorlesung: Di.14:00 und Mi., 8:00 
         als live-Stream mit Aufzeichnung, siehe Link auf ilias 

    Praktische Übungen, siehe  ilias-Link zur Übung
      Leitung:  Klaus Rabbertz, Artur Gottmann, Alexander Dierlamm

       Ort und Zeit: Do. 14:00 auf  jupyter-Server der Fakultät   Fakultät
             oder mit eigenen Notebooks (bei Bedarf 2. Block 15:45 – 17:15)
        sowie Praktika am Campus Nord

   Vorbesprechung zur Übung: 
         Do., 5.11. 2020, 14:00

https://ilias.studium.kit.edu/ilias.php?ref_id=1268975&cmdClass=ilcoursemembershipgui&cmd=participants&cmdNode=ug:jv:83&baseClass=ilrepositorygui&crs_1743671_table_nav=roles:asc:40
https://ilias.studium.kit.edu/ilias.php?ref_id=1272674&cmdClass=ilobjcoursegui&cmd=view&cmdNode=ug:jv&baseClass=ilRepositoryGUI
https://jupytermachine.etp.kit.edu/


Modulhandbuch

Das Modul Teilchenphysik I

   mit 8 LP ist  laut Studienplan

  verwendbar als

  - Teil eines 

      Schwerpunktfachs

  - Teil eines Vertiefungsfachs 

  -  eigenständiges Wahlfach 
      (unbenotet)

Voraussetzung für die Bestätigung
 der erfolgreichen Teilnahme: 

 -   erfolgreiche Bearbeitung von 
      2/3 der Übungsblätter
 -   erfolgreiche Teilnahme an einer
       Laborübung

 -   Vortrag zu einem Übungsblatt
       oder eine Laborübung

homepage der Veranstaltung http://etp.kit.edu/~quast

http://etp.kit.edu/~quast


Format
● Vorlesung mit Folien in Englisch

   Vortragssprache Deutsch (Englisch in Absprache möglich)
● Übungsblätter in Englisch, 

  Beratung durch Tutoren wahlweise Deutsch oder Englisch
● Laborexperimente zu Eigenschaften von Siliziumdetektoren

 am Campus Nord, Simulationsübungen am Campus Süd
● Kurze Abschlussvorträge in der letzten Woche 

  (statt Vorlesung und Übung)
● Exkursion zum CERN:  dieses Mal leider nur „virtuell“ möglich

Dozenten: 

  Günter Quast: guenter.quast@kit.edu      Sprechstunde Fr., 13:00, Raum 9-05

  Klaus Rabbertz: klaus.rabbertz@kit.edu 

Übungsleitung:

  Artur Gottmann: artur.gottmann@kit.edu

   Klaus Rabbertu: klaus.rabbertz@kit.edu 

  Alexander Dierlamm: alexander.dierlamm@kit.edu 

homepage der Veranstaltung http://etp.kit.edu/~quast

mailto:guenter.quast@kit.edu
mailto:klaus.rabbertz@kit.edu
mailto:artur.gottmann@kit.edu
mailto:klaus.rabbertz@kit.edu
mailto:alexander.dierlamm@kit.edu
http://etp.kit.edu/~quast
https://ilias.studium.kit.edu/goto.php?target=crs_1022332&client_id=produktiv


Contents of practical exercises

1. Introduction to jupyter notebooks     

2. Detector simulation with Geant   

3. Event generator HERWIG      

4. Analysis project 3: Flavour Physics 

5. Analysis project 2: Higgs Search

6. Analysis project 1: Top Physics 

7. Analysis project 4: search for SuSy 

8. Hardware Lab                             

9. Presentations  

     

Vorbesprechung zu den praktischen Übungen:
    
                                       Do., 05.11. 2020 per Video

Artur Gottmann: artur.gottmann@kit.edu

 Klaus Rabbertz: klaus.rabbertz@kit.edu 

Alexander Dierlamm: alexander.dierlamm@kit.edu 

mailto:artur.gottmann@kit.edu
mailto:klaus.rabbertz@kit.edu
mailto:alexander.dierlamm@kit.edu


Die Assistenten

Maximilian Burkart

Florian von Cube

Jubna Jabbar

Maximilian Horzela

Max Neukum

Sebastian Wieland

Alexander Dierlamms Team für Hardware-Übungen:

- Probestation (bis zu 4 Teilnehmer)      Florian Wittig

- EASY (Alibava) System (2-3)              Jan-Ole Müller-Gosewisch

- Pixelmodule mit X-rays (2-3)               Roland Koppenhöfer

- Sensorsimulationen mit Weightfield (4-6)   Alexander Droll



 



What is Particle Physics

Particle Physics deals with the smallest constituents of matter and their interactions
 

● Symmetries as underlying theoretical concept
● Experiments

 – particle accelerators
 – particle detectors
 – statistical data analysis

Digital data acquisition,  
 processing and analysis
 require „high-tech“ equipment
  and methods at the forefront of technology 
  



Particle Physics @ KIT

now Bonn

Two new professors (NF T. Müller, NF F. Bernlochner) already selected. 

†13.10.2020



Astro-particle Physics  @ KIT



Astro-particle vs. Particle Physics

 Ultra-high energies
 complicated detection  medium 

   (atmosphere)
 large-area detectors required

Astroparticle Physics Accelerator-based Particle Physics

 Perfect control of initial conditions
 events originate in one place
 compact, taylored detector designs 

Aim of this lecture: 
         overview, techniques and questions and answers
                                                            in modern particle physics



Prof. Dr. G. Quast,  KIT   8.12.2012 Heidlberg  

 Particle Physics – the Cosmological Connection

 Temperature related
   to mean energy 
   of  particles: 

   <E> ~  kB T

Age of th
e Universe  

Temperature

 Accelerator  
     LHC  



Motivation What is particle physics about ?

 Accelerator-Based particle physics:

  controlled production in laboratory of processes involving subatomic particles
           – create conditions on earth like in the early universe 
 
   - study of properties of fundamental particles and their interactions
    - test of theoretical models – Standard Model of particle physics
    - search for phenomena beyond the standard theory
    - precision measurement of particle properties,
         e. g. neutrino mass, rare decays of  particles with heavy quarks        

                    versus 

 observation of phenomena in nature
    - cosmic particles 
    - search for WIMPS, dark matter and alike

hot early universe

high-energy collision 
 in particle detector today



Motivation (2)

Important Open Questions today:

  - Higgs Boson(s) – clarify true nature of recently discovered particle;
      search for additional Higgs Bosons

  - The Standard model is incomplete: Gravity, neither dark matter no dark energy
     →  searches for new particles Beyond the Standard Model
    favoured by theorists: SuperSymmetry (provides partial answers ...)

 - the cosmological connection: CP-violation in SM too small to explain 
   a matter-dominated universe

 - the search for the unexpected – 
       microscopic black holes, extra space dimensions, … 

- the neutrino sector:
    masses, mixing, CP vialation 
    (although truly “particle physics, this is not covered in this lecture, 
     as typically considered part of “Astro-Particle Physics” (at least in Karlsruhe ...)



Motivation (3): Questions for the LHC

 
QCD

What is 
the universe

made of?

 
Glue-
balls?

The origin 
of mass?

 
Top ?

 

 
Why does

Matter 
(still)
exist?  

?

How did 
nucleons form ?

 

 
Z' ?

What is
“Dark 

           Matter”?       
  

 
Bs

 
  t' ?

What ist 
 “Dark     

     Energy“? 

 
 W  

 
Z 

Is there 
Super-

Symmetry ?

 
W ' ?What 

happened 
during the

“Big Bang”?



The Standard-Model of Particle Physics 

– 3 Forces (=interactions)
       with Symmetries

  ⇒  12 „force carriers“

       1 Higgs Boson

– 12 matter particles

–  like in classical mechanics:
     conservation of energy, momentum
     and angular momentum from 
     symmetries related to  space and time

–  matter ↔ anti-matter  

– „gauge symmetry“ explains  properties 
     of electromagnetic, weak and strong forces

„Symmetry“ plays
   central  role 



Theory – the Standard Model of Particle Physics

the forces  -  
   elektroweak & strong 

their interactions
 with matter

mass via couplings 
to Higgs-Boson

„enabling“ Higgs potential

  A quantum field theory  based on 
     U1 x  SU2 x SU3 gauge symmetry and the Higgs mechanism 



Particle Physics is „up-to-date“



Particle Physics @ KIT



KCETA 
KIT Centre Elementary Particle and 

Astroparticle Phycsis
https://www.kceta.kit.edu/

https://www.kceta.kit.edu/


Contents of this lecture

● Overview: Detectors and accelerators

● Theoretical foundations (as viewed by an experimentalist)

● Experimental Tests of the Standard Model
 - discovery of elementary particles: quarks, leptons, W , Z and Higgs bosons

● Tests of electroweak theory, Higgs Physics

● Flavour-Physics,quantum chromodynamics,  
  physics at hight transverse  momenta

● Neutrino physics

● Search for new physics („beyond the Standard Model“)

Dozenten: 

  Günter Quast: guenter.quast@kit.edu      Sprechstunde Fr., 13:00, Raum 9-05

  Klaus Rabbertu: klaus.rabbertz@kit.edu 

mailto:guenter.quast@kit.edu
mailto:klaus.rabbertz@kit.edu


Literature

some links to electronic versions on home page    http://etp.kit.edu/~quast

http://etp.kit.edu/~quast


Literature (2)



Literature (3)



Literature (4)

Aktueller Review der Physik am LHC: 

Springer (2015)



Literature (5)



Literature (6)
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