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Unification of forces in the nature was a dream of Albert Einstein, though the   attempt 
was too early in his era. The quest is still continued by particle physicists today both 
theoretically and experimentally.  Now the properties of elementary particles and their 
interactions are well described by the standard model of particle physics, in which the 
matter consists of quarks and leptons, and there are four kinds of forces acting between 
them: the strong force, the electromagnetic force, the weak force and the gravity.  The 
quantum mechanical nature of the first three forces given above has been well 
understood. The standard model is in perfect agreement with experiments so far and has 
been established as the scheme to describe physical phenomena whose energy scale is 
below the Terascale, i.e. 109 electron volt. 
Despite the success of the standard model, there still remain many fundamental 
questions, which we have not understood yet. Among other things, we would like to 
address the following two:  
(1) Why is the gravity so weak? 
(2) Why is the Terascale so small? 
The two questions are in a sense related with each other. The conventional view of 
particle physics will explain the weakness of gravity as a consequence of smallness of the 
energy scale accessible by current experimental situations compared to the fundamental 
energy scale, the Planck scale, where all forces are expected to be unified. This 
explanation in fact raises the second question above.  The Terascale in which the weak 
force and electromagnetic force are unified is about 16 orders of magnitudes smaller than 
the Planck scale.  What is worse, this vast hierarchy is unstable if one fully considers 
quantum mechanical effects. This is the problem termed the gauge hierarchy problem. To 
make the vast hierarchy natural, there have been many proposals. Most of them leave the 
Planck scale as the fundamental scale of ultimate unified theory, and try to explain the 
smallness of the electroweak scale. 
 The idea of the extra space dimensions is a challenge to such a conventional dogma. The 
validity of the extra dimensions in this context to explain the weakness of the gravity was 
first recognized at the very end of the last century.  The proposal heavily relies on the 
existence of brane, on which the standard model particles reside, whereas the gravity 
propagates all extra compact dimensions. The weakness of the gravitational force is in 
this case accounted by the divergence of the force rather than the vast hierarchy of the 
scales. The fundamental scale can be set at the Terascale, and the size of the extra space 
dimensions can be close to 1 mm. Soon after this proposal of the large extra dimensions, 
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there was yet another proposal of the extra dimension where the geometry of the extra 
dimension is highly warped. Now many particle physicists are constructing models of 
their own, to explain the secret of the Terascale and other related issues. 
  The concept of the extra space dimensions appears to be philosophy, or even scientific 
fiction. However this is not the case. It will be tested by experiments in near future. In 
particular, the Large Hadron Collider (LHC) which will be operated in 2007 will create 
highest energy we have never achieved in terrestrial experiments. We expect that with 
this high energy new paradigm of particle physics beyond the standard model will be 
revealed. If the idea of the extra dimensions at the Terascale is correct, then we will see 
signals of extra dimensions such as the emission of gravitons escaping into extra 
dimensions, the virtual exchange of extra dimensional gravity and so on. The most 
spectacular would be creation of black holes at the collision of particles in the LHC.  
  To conclude, the extra dimensions which may be discovered by the future experiments 
will give us a crucial piece of puzzles towards the unification of the forces. 


