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Introduction

Renormalization dominates the

relationships of relativistic quantum field

theories (QFTs) with experience

(experiments) and these relationships are

exemplary: QFTs are the most impressive

theories that physics has ever developed

in terms of empirical adequacy. From this

point of view, renormalization is

undoubtedly one of the great

achievements of 20th century physics. On

the other hand, renormalization is open to

descriptions that make it seem like a

"methodologist's nightmare" (Teller 1995

ch.7,p.149 and Teller 1990.

Historical 
Evolution

The renormalization of QFTs makes its appearance in the
late 1940s in the works of Tomonaga (1946), Kramers and
Bethe (1947), Lewis, (1948), Schwinger (1948), and
Feynman (1948) with spectacular success in describing
prediction and explanation of electromagnetic
interactions. Dyson proposes in 1949 a proof of the
renormalizability [S-matrix] in quantum electrodynamics
[QED]. Gaps in the proof of the Dyson were filled by
Ward (1950,1951), Salam (1951), Weinberg (1960) and
Mills and Yang (1966). After the publication of the proof of
Dyson, there were reactions and different approaches
from a mathematical, physical but also conceptual point of
view, which were expressed in works of Dirac (1969,
1973, 1983), Schwinger (1970, 1973, 1983), Kallen
(1953), Landau (1955), Landau and Pomeranchuck
(1955).

Phases of 
Renormalization

The first regards renormalization as a technique for
"bypassing" and "curing" the infinities of theory, an ad
hoc method that "saves the phenomena.". This is,
according to Kao and Schweber (1993), a
"conservative" technical version. Conservative
because it takes for granted the framework of QFT
without making any attempt at conceptual changes,
simply proceeding with a series of algorithmic steps
to obtain numerical results that are consistent with
the experimental data (anomalous magnetic moment,
Lamb shift).
The second “attitude” considers renormalizability a
criterion for selecting theories as a methodological
requirement and considers as a result of «good luck»
the fact that the theories that describe the
interactions that interest us, satisfy this requirement.
Renormalization is thus understood as a “regulatory
principle” both for the construction and for the
selection of a specific QFT.
Finally, the third point of view is interested in
explaining this "good luck" by showing that for the
theories we are interested in, non-renormalizable
terms become negligible at lower energy scales and
longer length scales. This third “attitude” began to
prevail after the mid-1960s and was based on the
studies of the renormalization group .

IN SUMMARY: Evolution of the concept of renormalization is interrelated with evolution of the different
versions of QFTs.
Do QFTs aim to formulate some basic fundamental theory or do they simply offer "phenomenological laws"
? The renormalization has become a "lydia stone" of QFTs as it enables successful predictions and turns
them into empirically sufficient theories. Of particular importance in this regard is the investigation of the
criteria that make a theory acceptable as well as the way in which a scientific theory dominates over
alternatives and becomes a hegemonic epistemological and methodological example


