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Modern particle physics started in 1935 when Fermi and Yukawa proposed theories of weak
and strong interactions, respectively. (;yThe 40-year saga in the quest for the ultimate form

of matter and the interactions that govern them culminated in the Standard Model (SM) of

particle physics in the early 1970s.

Nearly 50 years have passed since the SM was established. It is a miracle that it still holds
the status as the ultimate theory of matter at the most fundamental level. No experimental
observations that contradict the SM have been discovered, with perhaps one exception. Even
the neutrino oscillation, the exception, may be considered as a small extension of the SM that
does not need modifications. As the theory of relativity and quantum mechanics were born as
a result of searches beyond Newtonian mechanics and electromagnetism, we expect that a new
physics exists beyond the SM.

The SM established a prescription to unify forces by way of the gauge symmetry and sponta-
neous symmetry breaking. The grand unified theories, the super-gravity, and the string theories
were developed as extensions of the SM. Problems were pointed out and hints and new ideas
have been suggested in developing the unified theories. The hierarchy is an outstanding problem
among them. Many theoretical ideas including the super-symmetry and the extra dimension
have been proposed to solve the problem. Most of them suggest a new physics at the teraelec-
tronvolt (TeV) energy scale.

It has also been pointed out from the very beginning that the SM will lose its predictive
power on phenomena beyond the TeV energy range (or ~ 107! m in size). This is because
the dynamics of the Higgs that causes electroweak phase transition below ~ 1 TeV is unknown.
(2yThe SM also established a notion that discovery of a new particle is synonymous with the

discovery of a new physics. Therefore, experimental searches for new particles in the hitherto

unexplored energy region, epecially in the TeV range, are the most orthodox way to explore the
physics beyond the SM.

On the other hand, experiments at energy scale in the range 101 ~ 10'° GeV are required
to probe the physics of the unified theories. They are beyond the reach of present-day technol-

ogy. (3)Fortunately, the advent of the unified theories found a way to elucidate the history of
early universe. Cosmology and particle physics have become one and the same scientific field.

Conversely, the advent of cosmology opened a new window to view and probe the high-energy

phenomena that are inaccessible by today’s technology. We can probe properties of particles by

looking at cosmic relic particles, fossiles of the Big Bang, so to speak. Nowadays, researches in
particle physics that do not rely on accelerators occupy an important branch. They are gener-
ally referred to as non-accelerator physics. It is an unappealing name, nonetheless used for the
reason that no other has been invented.
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