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IntrOd UCtlon ( and references therein)

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

@ F-theory involves many difficult/tedious computations:

Nonabelian gauge algebras,
matter curves, Yukawa points
Global gauge group structure & U(1)s Mordell-Weil group

Discrete gauge factors Weil-Chatelet group

Chiral matter Gy-flux

Deligne cohomology, root bundles,
refined bases [Li, Taylor 23]

Crepant resolution, intersection theory

Vector-like matter
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@ This complexity obstructs progress in F-theory:

e Imposes large computational overhead for analyzing models.
o Makes it harder for newcomers to enter the field.
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FTheoryTools

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

@ FTheoryTools: Developing a unified toolkit for F-theory model analysis.
@ Included in large software project 0SCAR (https://www.oscar-system.org).

Martin Bies Efficiency in F-Theory: FTheoryTools 3/8


https://www.oscar-system.org
https://julialang.org/
https://www.mardi4nfdi.de/about/mission
https://docs.oscar-system.org/stable/Experimental/FTheoryTools/introduction/
https://www.oscar-system.org/tutorials/FTheoryTools/
https://link.springer.com/book/9783031621260
https://link.springer.com/book/9783031621260

FTheoryTools

@ FTheoryTools: Developing a unified toolkit for F-theory model analysis.
@ Included in large software project 0SCAR (https://www.oscar-system.org).
e Written in modern programming language Julia (fast! https://julialang.org/).

Martin Bies Efficiency in F-Theory: FTheoryTools 3/8


https://www.oscar-system.org
https://julialang.org/
https://www.mardi4nfdi.de/about/mission
https://docs.oscar-system.org/stable/Experimental/FTheoryTools/introduction/
https://www.oscar-system.org/tutorials/FTheoryTools/
https://link.springer.com/book/9783031621260
https://link.springer.com/book/9783031621260

FTheoryTools

@ FTheoryTools: Developing a unified toolkit for F-theory model analysis.
@ Included in large software project 0SCAR (https://www.oscar-system.org).
e 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.)
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FTheoryTools

FTheoryTools: Developing a unified toolkit for F-theory model analysis.
Included in large software project 0SCAR (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/.
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FTheoryTools: Developing a unified toolkit for F-theory model analysis.
Included in large software project 0SCAR (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/.
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FTheoryTools

@ FTheoryTools: Developing a unified toolkit for F-theory model analysis.
@ Included in large software project 0SCAR (https://www.oscar-system.org).
e 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 /F TheoryTools/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 0SCAR: Algorithms and Examples”, Sept. 2024, ISSN 1431-1550.
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FTheoryTools — New Features Since Summer 2023

@ Beyond toric blowups:

o Enhanced interactions between toric varieties and schemes.
e Once toric means exhausted, blowups are automatically done via schemes.
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@ Beyond toric blowups:

o Enhanced interactions between toric varieties and schemes.

e Once toric means exhausted, blowups are automatically done via schemes.
@ Tuning models:

o Model defined over arbitrary base space can be put over concrete base.
e One often focuses on generic sections — can specialize, i.e. set coefficients as desired.
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FTheoryTools — New Features Since Summer 2023

@ Beyond toric blowups:

o Enhanced interactions between toric varieties and schemes.

e Once toric means exhausted, blowups are automatically done via schemes.
@ Tuning models:

o Model defined over arbitrary base space can be put over concrete base.
e One often focuses on generic sections — can specialize, i.e. set coefficients as desired.
@ More literature models:
e "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/Zs, (SU(2))* /Zy x UQL), ..., U(1) X Zy, Zs.
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FTheoryTools — New Features Since Summer 2023

@ Beyond toric blowups:
o Enhanced interactions between toric varieties and schemes.
e Once toric means exhausted, blowups are automatically done via schemes.

@ Tuning models:
o Model defined over arbitrary base space can be put over concrete base.
e One often focuses on generic sections — can specialize, i.e. set coefficients as desired.
@ More literature models:
e "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/Zs, (SU(2))* /Zy x UQL), ..., U(1) X Zy, Zs.
e “A Quadrillion Standard Models from F-theory”
Cveti¢, Halverson, Lin, Liu, Tian '19.
702 families of hypersurface models with SU(3) x SU(2) x U(1)/Zs
Each family encoded in triangulations of certain 3d reflexive polytopes [kreuzer Skarke '9].
Includes root bundle data. ((M.B. Cveti¢, Donagi, Ong 23], [M.B. 23], [M.B, Cveti¢, Donagi, Ong '22], [M.B.,
Cveti¢, Liu '21], [M.B., Cveti&, 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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OSCAR

The OSCAR project

Home

About

News
Installation
Tutorials
Documentation
Community
Talks

Meetings
Credits
Contributors
The OSCAR book

O e https

oscar-system.org/tutorials/

Tutorials

This page contains jupyter notebooks that demonstrate the functionality of the OSCAR project.

For each topic, you can decide to open a static version of the jupyter notebook, powered by nbviewer.
Alternatively, you can inspect the jupyter notebook directly on github.

» How to interact with a "live" version

Click on one of the links below to filter notebooks (and re-click to disable filtering).

EiRE

e

FTheory Tools Group Theory Number Theory Polyhedral Geometry

Commutative Algebra Toric Geometry

Martin Bies Efficiency in F-Theory: FTheoryTools


https://www.oscar-system.org/tutorials/

Code demonstration is in order!

Visit the OSCAR tutorials: https://www.oscar-system.org/tutorials/.

% FTheoryToolsInOSCAR.ipyn ® | +
B+ X OO » 8 C» code v Notebook (] & Julia 1.9.2 @

FTheoryTools

« Authors: Martin Bies, Mikelis Emils Mikelsons, Andrew P. Turner
« Version: OSCAR version 1.1.0
« Last modified: June 21st, 2024

This tutorial provides a brief introduction to the FTheoryTools component of OSCAR.

The aim is to describe some basic constructions. In order to facilitate this introduction, we are very selective in what we present. For a full description of the available functionality, see https://docs.oscar-system.org/stable/

Experimental/FTheoryTools/introduction/. It is worth mentioning that FTheoryTools is still (as of June 21st, 2024) in its experimental stage in OSCAR. Consequently, major changes may happen in the future.

For this tutorial, no prior knowledge of OSCAR is necessary.

Content

1. An SU(S) Tate model from scratch
« Construction
« Properties and Attributes
2. Literature Models and Singularity Resolution
« Creating a Literature Model
« Attributes and Properties of Literature Models
« Singularity Resolution
« Other Functionality
3. The Quadrillion F-Theory Standard Models
« Base Geometry
+ The C; Curves

using Oscar

N | Combining ANTIC, GAP, Polymake, Singular
I | Type "?0scar for more information

[NER | Manual: https://docs.oscar-systen.org

/| | 1.1.6 #release-1.1 dob75de 2024-06-21
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1 An SU(5) Tate model from scratch

1.A Construction

We begin by showing how an F-theory model can be created within the F-theory tools. This is showcase this by looking at an SU(5) Tate model over an arbitrary base. To construct this model, we begin with a P! fibration over a

complex n-dimensional base manifold B, such that the homogeneous coordinates [a :  : 2| transform as

ze H'B,K3?), yeH'B.KS), z€H'(B,0g),

with K the canonical bundle of the base. A Tate model is realized as a hypersurface in this (1 + 2)-dimensional ambient space given by the locus
¥+ aeyz +agy2® =2 | aea?2’ | agwzt 4 agd®,

with a; € H(B, K§'). These data define an elliptic fibration X over the base B.

For the SU(5) Tate model, we tune the parameters a; of the model so they become proportional to specific powers of w, with w = 0 a divisor in the base B:

0.

a=v'a, a;=w'ay, e ey,

Certainly, we could fix a base. In this case we talk about one explicit geometry/F-theory model. Typically, people in the literature like to study families of models in that the base is left mostly unconstrained. Even so, one would at
the very least fix the dimension of the base. We shall follow this example and fix dim(B) = 3.

With FTheoryTools, we can create this model with the following steps. First, we create a ring (which you may read as an auxiliary base coordinate ring) whose indeterminates are the parameters needed to define the Tate model
in question. Here these parameters are a1, 21, g2, 43, g5 and w. So we create the following ring

auxiliary base ring, (alo, a21, a32, ad3, a65, w) = Q0[*alo”, "a2l", "a32", "ad3", "a65", "w']

(Multivariate polynonial ring in 6 variables over 00, QQMPolyRingElem[alo, a21, a32, ad3, a65, wl)

Note that this command not only defines the polynomial ring, but also defines symbols a10, a21, \dots, w which refer to the indeterminates of this polynomial ring. This will be important momentarily.

As mentioned above, the model parameters a; transform as sections of the line bundle K, ® O({w = 0})®(~9). Certainly, we must inform FTheoryTools about this transformation behavior. To this en, we record the powers

iand jin the following matrix

auxiliary_base_grading = (12346 0; 0 -1 -2 -3 -5 1]
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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.
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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.

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

To enhance root bundle program, include RootCounter.

Support for Gy-fluxes & their enumeration (in toric settings).
Weighted blowups? (Cf. [Arena, Jefferson, Obinna '23])

Algorithmic crepant desingularization? SD
Mordell-Weil group and Weil-Chatelet group.

Thank you for your attention!
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