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W OX B H Construction of exact solutions of domain wall networks and

localization mechanism of gauge fields on topological solitons in

generic dimensions

Brane—world models incorporating topological solitons in higher dimensional spacetime
are studied in this thesis. I clarified several long—standing problems common to
conventional brane-world scenarios with/without topological sélitons. Especially, I
resolved the problem on localization mechanism of massless/massive gauge fields on various
topological solitons. Inaddition, I found all the exact solutions of domainwall junctions
and their networks in generic higher dimensions.

In section 1, I explained previous developments and unsolved issues on the brane—world
models, and then I presented the purposes of this thesis. In section 2, I reviewed models
in higher dimensions and spontaneous symmetry breaking. In section 3, I gave a review
on topological solitons: domain walls, vortices, and planar domain wall junctions. In
section 4, I explained previously known localization mechanisms of fields on topological
solitons. Firstly, I described the Jackiw—Rebbi mechanism for fermions. Next, I
illustrated a difficulty in localizing massless gauge fields, and reviewed the
Dvali-Shifman mechanism (Dvali-Shifman, Phys.Lett.B 396, 1997), Ohta-Sakai (0S)

mechanism (Ohta—Sakai, Prog. Theor. Phys. 124, 2010) and its extensions by Arai-Eto-
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Blaschke—Sakai (AEBS) (Arai-Eto-Blaschke-Sakai, PTEP 2018.6, 2018; Arai—Eto-Blaschke~
Sakai, PTEP 2018.8, 20i8).

New results are given in sections 5, 6 and 7. In section b, I studied localization
mechanism of gauge fields in order to construct a realistic brane-world model. I improved
the previous studies (0S and ABES) and in particular clarified the unresoclved problems
related to the gauge fixing and treatment of higher—dimensional components of the would-be
localized gauge field. Thus, 1 provided complete and self-contained formulas about
localization of massless/massive gauge fields via a field dependent gauge kinetic term.
In sections6and 7, T obtéined all the exact soluticns of domain wall junctions and their
hetworks in higher dimenhsichal spacetime. In section 6, I considered a model in IH1
dimensional spacetime with the symmetric group of degree D+1. I derived Bogomol nyi—Prasad
-Somerfield equations, and obtained the analytic solutions of the D dimensional nonplanar
domain wall junction. In addition, I found new topologic;al charges. In section 7, I
extended the model studied in section 6 to a massive nonlinear sigma model. I constructed
all the exact solutions of the domain wall networks in D+l dimensional spacetime. I
identified all the moduli parameters and clarified properties of the solutions. This
result is the first to give exact solutions of nonplanar domain wall networks. In section

8, I closed the thesis by summarizing the new results shown in sections 5, 6 and 7.
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