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Niniejszy dokument zawiera moje publikacje i wyniki
oparte na badaniach prowadzonych jako cztonek grupy
Causal Dynamical Triangulations (CDT) na
Uniwersytecie Jagiellonskim podczas studiow
doktoranckich. Obszarem moich badan byt
czterowymiarowy model CDT, ktory stanowi sieciowg
regularyzacje teorii kwantowej grawitacji, opartg na
formalizmach rachunku Regge i calek po trajektoriach
Feynmana. Ze wzgledu na ztozono$¢ matematyczna,
rozwigzania analityczne tego modelu istniejg tylko w
dwoch wymiarach. Czterowymiarowa teoria jest
analizowana przez symulacje numeryczne.
Weczesniejsze odkrycia obejmujg dynamicznie
pojawiajace si¢ kwantowe wszech§wiaty de Sittera z
emergentnymi wlasciwosciami czterowymiarowymi,
zalezne od skali wymiary spektralne oraz
skomplikowang struktur¢ fazowa, w ktorej istnicjg
przejscia fazowe pierwszego 1 wyzszego rzedu.

Dokument zawiera opis natury nie analizowanych
dotychczas przej$¢ fazowych, nowych sposobow
analizy triangulacji oraz wptywu klasycznych i
dynamicznych (kwantowych) p6l skalarnych w
czterowymiarowym CDT o toroidalnej topologii
przestrzennej. Gtownymi wynikami rozprawy jest sze$¢
publikacji zataczonych w ostatnim rozdziale. Dokument
ten ma na celu wprowadzenie do CDT i stanowi
przewodnik po artykutach sktadajacych si¢ na rozprawe
doktorska.
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This document contains my publications and results
based on research done as a member of the Causal
Dynamical Triangulations (CDT) group at the
Jagiellonian University during my PhD studies. The
field of my research was the four-dimensional CDT,
which is a lattice regularization of the theory of
quantum gravity, based on the formalisms of Regge
Calculus and Feynman path integrals. Due to
mathematical complexity, analytical solutions to the
model exist only in two dimensions. The four-
dimensional theory is analyzed by numerical
simulations. Earlier discoveries include dynamically
emergent quantum de Sitter universes with emergent
four-dimensional properties, scale-dependent spectral
dimensions and a complex phase structure in which
first- and higher-order phase transitions exist.

The document describes the nature of previously
unanalyzed phase transitions, new ways to

analyze triangulations, and the impact of classical and
dynamical (quantum) scalar fields in the four-
dimensional CDT with a toroidal spatial topology. The
main results of the dissertation are the six publications
attached in the last chapter. This document is intended
as an introduction to CDT and serves as a guide to the
papers comprising the doctoral thesis.
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This document contains my publications and results
based on research done as a member of the Causal
Dynamical Triangulations (CDT) group at the
Jagiellonian University during my PhD studies. The
field of my research was the four-dimensional CDT,
which is a lattice regularization of the theory of
guantum gravity, based on the formalisms of Regge
Calculus and Feynman path integrals. Due to
mathematical complexity, analytical solutions to the
model exist only in two dimensions. The four-
dimensional theory is analyzed by numerical
simulations. Earlier discoveries include dynamically
emergent quantum de Sitter universes with emergent




four-dimensional properties, scale-dependent spectral
dimensions and a complex phase structure in which
first- and higher-order phase transitions exist.

The document describes the nature of previously
unanalyzed phase transitions, new ways to

analyze triangulations, and the impact of classical and
dynamical (quantum) scalar fields in the four-
dimensional CDT with a toroidal spatial topology. The
main results of the dissertation are the six publications
attached in the last chapter. This document is intended
as an introduction to CDT and serves as a guide to the
papers comprising the doctoral thesis.
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