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Abstrakt

Philosophiae Doctor

Spravanie beziacej konstanty jemnej struktary v
priestorupodobnej a casupodobnej oblasti a iné
aplikacie Unitarneho a analytického modelu

Lukas Holka

Tato dizertacnd praca zacina uvodom do analytickej struktiry am-
plitdd rozptylu a pribuznych velicin v kvantovej teodrii pola. Tieto
techniky su potrebné ako na uvedenie Unitarneho a analytického mod-
elu, tak i na stadium bezania konstanty jemnej struktary. V druhej
casti prace su potom prezentované elektromagnetické form faktory a ich
Unitarny a analyticky model. Poslednd ¢ast prace obsahuje prehlad vy-
branych vlastnosti beziacej konstanty jemnej Struktury a sithrn vysled-
kov dosiahnutych pocas mojho doktorského studia. Je v nej uve-
deny podrobny dokaz toho, Ze v priestorupodobnej oblasti je bezi-
aca konstanta jemnej struktury realna. Tiez je prezentovany vztah
medzi imaginarnou ¢astou beziacej konstanty v ¢asupodobnej oblasti a
totdlnym uc¢innym prierezom elektron pozitrénovej anihildcie. Praca
je zakoncend zhrnutim niekolkych vysledkov, ktoré som dosiahol v
spolupraci so svojimi kolegami. PredovsSetkym sa nam podarilo popisat
hadrénovy prispevok do bezania konstanty jemnej struktiry pomocou
Unitarneho a analytického modelu, a za pouzitia tohoto popisu vyhod-
notit veduci prispevok hadréonov do magnetickej anomalie mionu. Tiez
je prezentovana nasa Studia tlmenych oscilacii, ktoré boli pozorované
v efektivnom form faktore protéonu, a anomalie v pomere rozpadovych
sirok rezonancie ¢(1020) na nabité a neutralne kaony.
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Abstract
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Behavior of the running fine-structure constant in
the space-like and time-like regions and other
applications of the Unitary and Analytic model

Lukas Holka

The first part of this thesis presents an introduction to some topics
of the analytic structure of scattering amplitudes and related objects
in quantum field theory. These techniques are necessary both in the
construction of the Unitary and Analytic model, and in the study of
the running of the fine structure constant. Then, in the second part,
electromagnetic form factors and their Unitary and Analytic model are
introduced. The last part of the thesis consists of a review of certain
properties of the running fine structure constant and a summary of
results that were achieved during my doctoral study. A detailed proof
of the reality of the fine structure constant in the space-like region is
given, and the relation between the imaginary part of that running
constant in the time-like region and the total cross section for the
electron—positron annihilation is reviewed. The thesis concludes with
the summary of several results that I have achieved in collaboration
with my colleagues. In particular, we have described the hadronic
contribution to the running of the fine structure constant using the
Unitary and Analytic model, and used that description to evaluate
the leading hadronic contribution to the muon’s magnetic anomaly.
I also present our investigation of the damped oscillatory structures
that were observed in the effective form factor of the proton, and of
the anomaly in the charged to neutral yield ratio for the decay of the
¢(1020) resonance into kaon pairs.



