
Abstract for the lectures by Yuji Yamazaki (Physics department) 
on 24 and 25 July (90 minutes each) 
 
Day 1 (24 July) : The world of elementary particles and the Higgs particle 
 
The first lecture is devoted to an introduction to particle physics and its theory like the 
following: 
 The world as seen by super-microscope 
 Role of the elementary particles in material 
 The origin of mass and the Higgs mechanism 
 
First we start by exploring the hierarchy of microscopic world down to 10−15 m, where 
the structure of material formed by elementary particles is visible. Such elementary 
particles are classified in three categories: (i) “material” particles i.e. the quarks and 
leptons (ii) force carriers such as photon, gluon and weak bosons and (iii) the Higgs field, 
giving mass to the particles. 
The first class of particles, the quarks and leptons, each carry different “quantum 
numbers”, such as electric charge, and thus have different sensitivities to the four forces, 
which are propagated by the particles in the set (ii). The four forces are: electromagnetic, 
the strong and the weak force and the gravity. The strangest force is the gravity, even 
though we are most familiar to that. We explain why the gravity is considered to be 
extraordinary. We also review the known and unknown fact of these particles.  
The third class of the particle, the Higgs field, is a very special kind of “particle”. It is 
said that it is responsible for the mass of all the elementary particles. In order to 
understand what it all means, we need to know first what the “mass” of a particle is. 
The mass is understood in terms of the special relativity. We will spend some time to 
think about the meaning of one of the most famous equation in physics, 𝐸 = 𝑚𝑐2, which 
tells us that the mass is just the energy of an object at rest. The mass, in a practical 
sense, is also related to the speed of an object, particularly if the object can be at rest or 
not. We will discuss during this lecture that the mass plays an important role to form 
the shape of the world as like what we observe.  
Then we explain the Higgs mechanism i.e., how the rest energy is given by the Higgs 
field to particles. We give few intuitive models to help understanding the important 
point of the Higgs mechanism. At the end of the lecture 1, we explain that the object to 
give mass to particles is the Higgs field, not the Higgs particle, together with what the 
field means in this context.  



 
 
Day 2 (24 July) : Accelerators and experiments for finding a new particle 
 
The second lecture overviews the experimental aspect of the high-energy physics using 
accelerators, with a special focus to the LHC (Large Hadron Collider) experiment at 
CERN (the European Organization for Nuclear Research) as follows: 
 The principle of high-energy physics experiments using accelerators 
 Detector technologies to measure particles 
 CERN, LHC and the collider experiments ATLAS and CMS 
 The result of Higgs hunting 

 
The objectives of studies by high-energy accelerators are (i) to investigate as small 
objects as possible by means of waves with their wavelengths as short as achievable (ii) 
to produce as heavy elementary particles as possible and (iii) to find rare processes 
among collisions of very high intensity. 
In order to produce new particles from the accelerator, we collide one collimated flow of 
particles accelerated to very high energy (a beam), with another beam. Such 
arrangement of accelerators is called a collider. The collider produce new particles 
typically through “pair creation”, where a pair of a particle and an anti-particle is 
generated. A new particle with its mass up to the half of centre-of-energy of the colliding 
particles can in principle be produced if the particle couples to a known particle (such as 
photons, weak bosons etc.).  
We need to know the momentum and energy of particles in order to “reconstruct” the 
parent particle, which decays to stable particles we observe. The parent particles are 
often unstable i.e. short-lived, thus it is not possible to detect directly. The momentum is 
measured by a spectrometer, where charged particles are bent through strong magnetic 
field. For neutral particles, the only way to detect them is by destructing them: we stop 
the particle in a material and measure the energy released to the material. This type of 
detector is called calorimeter.  
Various kind of such sub-detectors are assembled to have the detector for the collider 
experiment. Here we introduce the CERN laboratory, the LHC accelerator complex and 
the collider experiments, the ATLAS and CMS detectors, including the ideas behind 
their design. In order to understand how the detector works, we take an example of the 
result of experimental data analysis by the ATLAS experiment, namely, the search for 
the Higgs particle (the Higgs boson). You will see nice peaks in mass spectra, 



corresponding to the decay of Higgs bosons, extracted from ca. 1016 proton-proton 
collisions. 
We note that there are a few mysteries on the theory by Higgs and companies, thus the 
discovery of the Higgs boson is not the end of the story, but rather a new beginning. The 
lecture is concluded by giving perspective of the future high-energy physics studies.  


