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Introduction ([Weigand 18’] and references therein)

F-theory is a powerful tool for exploring the string landscape.

F-theory involves many difficult/tedious computations:
Nonabelian gauge algebras, Crepant resolution, intersection theorymatter curves, Yukawa points
Global gauge group structure & U(1)s Mordell–Weil group
Discrete gauge factors Weil–Châtelet group
Chiral matter G4-flux

Vector-like matter Deligne cohomology, root bundles,
refined bases [Li, Taylor ’23]

This complexity obstructs progress in F-theory:
Imposes large computational overhead for analyzing models.
Makes it harder for newcomers to enter the field.
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FTheoryTools

FTheoryTools: Developing a unified toolkit for F-theory model analysis.

Included in large software project OSCAR (https://www.oscar-system.org).
Written in modern programming language Julia (fast! https://julialang.org/).
Includes large database of F-theory models, compliant with MaRDI standards:
https://www.mardi4nfdi.de/about/mission.
(“Interactive paper”: Corrects typos, redos computations & extends them.)
Docs: https://docs.oscar-system.org/stable/Experimental/FTheoryTools/introduction/.
Tutorial: https://www.oscar-system.org/tutorials/FTheoryTools/.
Yet more details:
M. Bies, and A. Turner, F-Theory Applications, chapter in book “The Computer
Algebra System OSCAR: Algorithms and Examples”, Sept. 2024, ISSN 1431-1550.
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FTheoryTools – New Features Since Summer 2023
Beyond toric blowups:

Enhanced interactions between toric varieties and schemes.
Once toric means exhausted, blowups are automatically done via schemes.

Tuning models:
Model defined over arbitrary base space can be put over concrete base.
One often focuses on generic sections – can specialize, i.e. set coefficients as desired.

More literature models:

”F-Theory on all Toric Hypersurface Fibrations and its Higgs Branches”
Klevers, Pena, Oehlmann, Piragua, Reuter ’14,
16 hypersurface and 16 Weierstrass models over arbitrary base. Gauge groups:
SU(3)3/Z3, (SU(2))4

/Z2 × U(1), . . . , U(1) × Z2, Z3.
“A Quadrillion Standard Models from F-theory”
Cvetič, Halverson, Lin, Liu, Tian ’19.
702 families of hypersurface models with SU(3) × SU(2) × U(1)/Z6
Each family encoded in triangulations of certain 3d reflexive polytopes [Kreuzer Skarke ’98].
Includes root bundle data. ([M.B. Cvetič, Donagi, Ong ’23], [M.B. ’23], [M.B, Cvetič, Donagi, Ong ’22], [M.B.,

Cvetič, Liu ’21], [M.B., Cvetič, Donagi, Liu, Ong ’21])
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Code demonstration is in order!
Visit the OSCAR tutorials: https://www.oscar-system.org/tutorials/.
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Conclusions
FTheoryTools: Developing a unified toolkit for F-theory model analysis.

Brings together many mathematical tools to analyze F-theory models.
Provides a (growing) database of models from the literature.

To-Dos include:
Many more exciting literature models. Add them!
Some models require new infrastructure.

Complete intersection models e.g. to include [Li, Taylor ’23].
Anticipate also CICY and even schemes models.

To enhance root bundle program, include RootCounter.
Support for G4-fluxes & their enumeration (in toric settings).
Weighted blowups? (Cf. [Arena, Jefferson, Obinna ’23])
Algorithmic crepant desingularization?
Mordell–Weil group and Weil–Châtelet group.

Thank you for your attention!
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Anticipate also CICY and even schemes models.

To enhance root bundle program, include RootCounter.

Support for G4-fluxes & their enumeration (in toric settings).
Weighted blowups? (Cf. [Arena, Jefferson, Obinna ’23])
Algorithmic crepant desingularization?
Mordell–Weil group and Weil–Châtelet group.
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