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What are the most fundamental units in the universe?  How did the universe start and 
develop the structure? These questions have been being questioned since the 
mythological age. The elementary particle physics is trying to give definite answers to 
them using mathematics and experiments. 
  
The standard model in the particle physics is one of the most successful theories human 
beings made. It describes interactions of the elementary matter particles, quarks and 
leptons, based on the quantum gauge field theory, which is described in mathematics and 
self-consistent. We can explain phenomena with typical length larger than ~10-18 meters 
with finite numbers of input parameters in the standard model. All elementary particles 
have been discovered in the experiments, except for the Higgs particle. The Higgs particle 
is related to origin of masses of the elementary particles in the standard model.  
 
On the other hand, physicists consider that the standard model should be an effective 
theory derived from more fundamental theories at shorter distance. The standard model 
does not include gravity. Why does the standard model have three forces and various 
quarks and leptons? There are still many mysteries which cannot be resolved within the 
standard model. The more fundamental theories are also needed to understand history of 
the universe. The dark matter in the universe is considered to be undiscovered 
elementary particles produced in early universe. Antimatter is quite rare around us. The 
matter-antimatter asymmetry in the universe should be derived with undiscovered 
interaction of elementary particles.  
 
Now physicists are searching for new physics beyond the standard model with various 
methods. One of the methods is direct production of new particles.  The Large Hadron 
Collider (LHC) is the world's highest-energy particle accelerator.  It aims for discovery of 
the Higgs particle, and also new particles beyond the standard model. The second method 
is precision measurement of properties of elementary particles. If a forbidden process in 
the standard model is discovered, it is a signature of new physics. The neutrino oscillation, 
which is a signature of non-vanishing neutrino masses, was discovered on 98' as the first 
signal beyond the standard model. The neutrino oscillation has been studied extensively 
since its discovery. These two topics are talked by Dr. Respereza and Dr. Nakaya,  
respectively , in this session. It is notable that new physics is now being searched for by 
various people with various tools at various places.    


