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The Standard Model of Particle Physics

               



Physics beyond The Standard Model:

Hints for Physics beyond Standard Model includes:

• Neutrino masses :
 In the Standard Model neutrino are massless. There recent data shows that Neutrino 
are oscillating which indicate that neutrino should have masses.
 *  Hierarchy problem : 
This problem is associated with the absence of a symmetry protecting the Higgs mass at the 
electroweak scale when the natural cutoff scale is at or above the GUT scale  10^{16} GeV.
* Baryon asymmetry of the universe : 
 Our universe is made out of mostly matter? Why not antimatter?
The strength of the charge conjugation-parity (CP) violation in the SM is not sufficient
 to account for the cosmological baryon asymmetry. 
• Dark matter candidate: 
the SM does not have a viable candidate for the cold dark matter of the universe. 
• Gauge coupling unification.



Candidates for Physics beyond Standard Model:

Some Possible Extensions of Physics beyond Standard Model:

 * Enlarging the gauge symmetry group of the Standard Model, e.g.: 

- SU(3) X SU(2) X U(1) X U(1) 

-  SU(3) X SU(2) X U(1) X SU(2)

-  SU(5)

- ……………

• Enlarging the scalar sector by adding  more scalars e.g.:

Two Higgs doublets models, three Higgs doublets models

• Enlarging the Fermion sector by adding new fermions for instance  See-saw mechanisms .

• Enlarging both the scalar and fermion sectors. For instance Supersymmetry

 



Search for new Physics beyond Standard Model:

(a) Direct Search                                   (b) Indirect Search

(a) Direct Search:

It is Search for new particles through their signatures while passing through detectors in colliders or other 
Experiments. 

Particle

Particle 

Stuff may include 

new particles

- Particle Colliders with different center of mass energies :
A- Electron positron Colliders e.g. : 

 KEKB:  Belle  (Japan)         center of mass energy 10 GeV
PEP-II:  BaBar detector (USA) : center of mass energy 10 GeV (shut down in 2008) 
B - Hadron Colliders e.g. : 
 - Tevatron (USA):         center of mass energy  1 TeV   shut down 2011
- Large Hadron Collider (CERN) center of mass energy 14 TeV



Indirect  search:
Through the observation of some physical measurements such as :
CP violation, branching ratios …..etc.  in some experiments that study  B mesons, D mesons and Tau  lepton 
decays. (BELLE, BABAR, LHCb)

CP Violation in tau  decays:

Direct CP asymmetry in semi-leptonic  decays is an intriguing hint for new physics beyond the
standard model.

There is  2.8  discrepancy between the experimental measured value and the SM expectation of  the CP 
asymmetry of the decay mode of tau lepton  to kaon pion and neutrino final state.
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