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Vorlesung:

Teilchenphysik I (Particle Physics I)

Brief History of Particle Physics



Quantum Mechanics & Special Relativity



Nuclear Force



Nuclear Force (2)



Strong Isospin



Strong Isospin (2)



Discovery of „Strangeness“



Strangeness (2) 



Strangeness  & Flavour SU3



The Quark Model



Quark-Parton Model



Quark-Parton Model (2)

  inelastic e – p scattering 

Deviation from Mott scattering
 shows that proton is not point-like 



Quantum Chromodynamics (QCD)



QCD (2)



QCD (3)



Weak Interaction 



Parity violation in weak interactions



CP-Vialoation

Question at the time:         - a property of the weak interaction ?
                                          - or a hint to a new „superweak interaction“ ?

 nasa.gov



Electroweak Theory

e+e-→ WW cross section remains finite
        with couplings of the GSW Model

LE
P

 E
lec trow

eak W
o

rkin
g G

roup



Electroweak Theory



Prof. Dr. G. Quast, Karlsruhe   

The Standard-Model of Particle Physics

 Many other  open questions (Gravity, dark matter & dark energy, ...) 
       require   
  
          „new physics“„new physics“    beyond the standard model 

(not topic of this lecture ...) 

  consistent theoretical description of fundamental Particles
    and their interactions                  EXCEPTION: Gravity !

  based on fundamental Symmetries – elegant and beautiful !

  Basic foundations laid in the '60ies – successfully passed
       all precision tests to date!

  Particle masses through spontaneous symmetry braking
                    „Higgs-Mechanism“
      
     related  “Higgs Particle“    has long been searched for, found 2012

→



btw:  mass of the proton ...

Proton is not a fundamental particle,

 but  consists of quarks and gluons

    proton mass: 938 MeV/c2     rest mass of valence quarks: ~10 MeV/c2 

    Þ only ~ 1%  due to valence quark masses,
        rest is  kinetic and binding energy.

  … has a different explanation:

–  valence quarks
–  sea quarks
–  gluons
      bound in volume
       of  radius ~10-15 m



Electroweak Theory – the flavour sector



Electroweak Theory – the flavour sector



Electroweak Theory – Quark Mixing



EW Theory – Discovery of the gauge Bosons 



EW Theory – Higgs Hunt



Higgs-Boson Discovery

 Discovery of „a new particle“ announced at CERN on July 4th 2012

 after many more studies called „a Higgs-like particle“

 Today we are sure: it is a (the ?) Higgs boson !



Higgs Couplings to particles
JH
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the new particle is
 the only known one
 which couples 

- proportionally to mass
  to fermions

-  porportionally to mass² 
   to gauge bosons 

 

Like the SM Higgs does !

Combination of all measurements at the end of LHC run 1  (2010-2012) :



Current Situation

7 years after the discovery of the Higgs boson

● No new particles have been found 

● Many precision measurements consistent with SM predictions

  →   the Standard Model is complete and very healthy  !



Current situation – open questions

● Is the Standard Model complete ?
   we know it cannot be: gravity, dark matter and dark energy not included !

● is it self-consistent,
    i. e. can it be extrapolated to higher energy scales ?

● Ist it „natural“, 
  - Why is the Higgs-boson mass so small ?
  - What is the origin of the mass hierarchy 
        ( meV  for neutrinos to O(100GeV) for  W, Z, H, and top quark) ?

● What is the new physics beyond the SM ?
   - dark matter and dark energy ?
   - sources of CP-violation ? 



Current situation of Particle Physics 

… and we have plenty of them at KIT !



Topics of this Lecture

Note: there are courses „Particle Physics 2“ 
   - W, Z, H 

- Flavour Physics
- Jet and Top quark physics
- Detector Physics
- Modern Methods of Data Analysis
- Accelerator Physics

● Units and Conventions
● Detectors and Accelerators
● Standard Model: 

  gauge Theories and electroweak theory
● Tests of electroweak theory
● Jets and Quantum Chromodynamics
● Top quark Physics
● Higgs Physics
● Flavour physics
● Neutrino Physics
● Physics beyond the Standard Model
● Future experiments 

 

 practical exercises:

    Detector Simulation with GEANT

    Cross section calculation with
      madgraph 

 

                        Hardware Exercises

  Analysis project 1: 
        Top Quark Phyics

 Analysis project 2: 
        SuSy search
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