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Vorlesung:

Teilchenphysik I (Particle Physics I)

 V14a:  Meson-Mixing



Summary Lecture 13b

Concept of quark mixing

Cabbibo: chared-current couplings for quarks smaller than for leptons
 → u quark couples to linear combination of d and s quarks

GIM mechanism:   flavor-chaning neutral currents (K → ) suppressed
→ 2x2 mixing matrix, prediction of a new quark, the charm quark

KM: CP violation requires >3x3 mixing matrix
→ CKM matrix, 3rd family postulated  

CKM matrix

Unitary complex 3x3 matrix

physical degrees of freedom: 
  - three magnitudes  
  - and one complex phase

Unitarity relations represended 
 as unitarity triangles 

experimentally: strong hierarchy 
 of elements – diagonal dominant
  → long life times of mesons with 
       heavy quarks
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1.  History
2.  Basics principles 
3.  Detectors and Accelerators
4.  Theoretical Foundations
      1. Relativistic Quantum Mechanics
      2. Quantum Field Theory and symmetries
      3. Elctroweak Symmetry and Higgs Mechanism
5.  QCD and Jets
6.  Analysis Chain

7.  Flavour Physics
      1. Quark mixing and CKM Matrix
      2. Meson-Antimeson Mixing
      3. CP Violation

8.  Tests of Electroweak Theory
     1. Discoveries
     2. Precicion Physics with Z bosons
     3. W Boson and electroweak fit

 

    



Neutal mesons can – and do - mix

Quantum numbers of hadrons: 

Particle – antiparticle sytems with established mixing:



Meson Mixing and Box-Diagrams 

In the Standard Model, mixing is caused by “box diagrams”
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consider time evolution of a quantum-mechanical state:



Mixing: Time evolution

Formalism: 

Components of the effective Hamilton operator: 



Mixing: Time evolution (2)



Mixing: Time evolution (3)

Result of calulation: 

Interpretation as transition probabilities : 

Remark: ( more later)  



Mixing: Time evolution (4)



Example: Neutral Kaon Mixing

Historically, mass eigenstate were 
  distinguished by lifetime  (K-short / K-long)
   instead of mass (light / heavy) 

Kaon oscillation parameters:

  

mass and life time
differences are of
same order of magnitude



Example2: Neutral B-Meson Mixing
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Mass difference  from box diagrams:

approximation:   mt ist the only relevant quark mas, Vtb ≈ 1

Result:  Δmb,s  ~

|Vtd| and |Vts| can be determined from oscillation frequency

( more later)  



Neutral Bd – Meson Mixing

Bd oscillation parameters:

  

 life time approx. 
 one oscillation period

dominant effect: 
  oscillation due to 
  mass difference Δmd



Neutral Bs – Meson Mixing

Bs oscillation parameters:

  

 Fast oscillation, many
 periods before decay

dominant effect: 
  oscillation tue to 
  mass difference Δms

Experimental challenge: 
   resolution of fast oscillation !



B Factories
Large number of B-Mesons needed to perform (precision) measurements →  

use bottonium resonances in e+e-  colliders (DORIS, CESR, PEP-II,
KEKb, SupderKEKb, experiments Argus, Cleo, BaBar, Belle (II))

best choice                               just above the energy to produce 2 Bd mesons 

approx 50%           and 50%

example ARGUS experiment 
  at DORIS (DESY)



B-Factories 



The LHC as a B Factory

Heavy quarks are copiously produced in hadron colliders  

Note: Contrary to e+e-  b factories, 
  QCD effects lead to rapid distruction
  of quantum-mecanical entanglement
  of the two b quarks. 

Appropriate detector setup: forward spectrometer (LHCb) 



Measurements of Bd Mixing



Measurements of Bs Mixing

 First measurement of Bs oscillation frequency 
      by the CDF experiment at Tevatron in 2006

 most precise measurements by the LCHb experiment at the LHC

Principle of measurement: 



LHCb:  Bs Mixing results
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