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Basics of String Theory

@ Goal: Unify Quantum Mechanics and General Relativity in a theory of Quantum
Gravity.
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jects called strings of size £, ~ 10733cm.

CLASSICAL PHYSICS

Point particle

STRING THEORY

One-dimensional string
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From 10d to 4d

o Properties: String theory requires 10 spacetime dimensions.
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The Landscape
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The Landscape

@ The shape of the compact space determines the low-energy physics, i.e., the physics we
observe.

@ The number of shapes grows rapidly with the number of dimensions, e.g., in 1d there are
only 2 shapes, but in 2d there are infinitely many shapes:

O e

@ The number of possible compactifications 10d — 4d is vast, leading to a large set of
consistent low-energy theories. These effective theories arising from string theory (quantum
gravity) are known as the Landscape.
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@ The branch of string theory that studies the Landscape is called String Phenomenology.

@ On the other hand, as a 4d observer who is unaware of string theory or quantum gravity,
one can construct effective theories that look consistent at low energies, but cannot arise
from quantum gravity. These theories are said to belong to the Swampland.

@ This is the motivation behind the Swampland Program: find properties that EFTs must
verify to be consistent with quantum gravity.

@ These properties are called Swampland Conjectures.

@ They are motivated by string theory, but they are expected to hold in any consistent theory
of quantum gravity.

@ They have been tested in many different setups, but they are still conjectures, they are not
proven yet (dealing with quantum gravity is very hard).
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The Swampland Program

A
Energy

Quantum Gravity
(String Theory)

Consistent with
Quantum Gravity
Not consistent with

Quantum Gravity Theory space

Figure: [van Beest et al., 2022].
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The Weak Gravity Conjecture (WGC)

The Weak Gravity Conjecture [Arkani-Hamed et al., 2006]

Gravity is the weakest force in nature.
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The Weak Gravity Conjecture [Arkani-Hamed et al., 2006]

Gravity is the weakest force in nature.

In a theory with a force with coupling strength g, there should exist a particle of mass m and
charge ¢ = ng (with n being an integer) such that
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The Weak Gravity Conjecture [Arkani-Hamed et al., 2006]

Gravity is the weakest force in nature.

In a theory with a force with coupling strength g, there should exist a particle of mass m and
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Gravity is the weakest force in nature.
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The Weak Gravity Conjecture (WGC)

e Consider an unknown particle (could
be dark matter) with mass is m and
charge q.
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e Consider an unknown particle (could
be dark matter) with mass is m and
charge gq.

o WGC =— ¢g>m.

@ We can draw the theory space
parametrized by (m, ¢) and delimit the
Landscape and the Swampland.
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The Weak Gravity Conjecture (WGC)

qu

e Consider an unknown particle (could y
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We conclude that in order to be in the Landscape, the mass should depend on the charge:

m = m(q) = mn(g)
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The Swampland Distance Conjecture (SDC)

o We write g as g = e~?, where ¢ is what we call a modulus.
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The Swampland Distance Conjecture (SDC)

o We write g as g = e~?, where ¢ is what we call a modulus.

@ The limit g — 0 corresponds to ¢ — co and the WGC implies that

mn(6) < q = ne™® —— 0
p—00

@ This motivates the Swampland Distance Conjecture:

The Swampland Distance Conjecture [Ooguri & Vafa, 2006]

At infinite distance in moduli space {5} an infinite tower of states becomes exponentially
light as

(@) —— ne” 19
|| =00
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@ My Research: Testing various versions of the SDC in Heterotic String Theory compacti-
fications on n-tori.

German Varona Il ICTEA Research Days June 2, 2026



@ My Research: Testing various versions of the SDC in Heterotic String Theory compacti-
fications on n-tori.

@ Why this is useful for the Swampland Program:

German Varona Il ICTEA Research Days June 2, 2026



@ My Research: Testing various versions of the SDC in Heterotic String Theory compacti-
fications on n-tori.

@ Why this is useful for the Swampland Program:

» Global approach: Using string dualities to cover all asymptotic limits of the moduli space.

German Varona Il ICTEA Research Days June 2, 2026



@ My Research: Testing various versions of the SDC in Heterotic String Theory compacti-
fications on n-tori.

@ Why this is useful for the Swampland Program:
» Global approach: Using string dualities to cover all asymptotic limits of the moduli space.

> Relating different conjectures: Verifying the link between the SDC and the (Convex Hull
Scalar) WGC.

German Varona Il ICTEA Research Days June 2, 2026



@ My Research: Testing various versions of the SDC in Heterotic String Theory compacti-
fications on n-tori.

@ Why this is useful for the Swampland Program:
» Global approach: Using string dualities to cover all asymptotic limits of the moduli space.

> Relating different conjectures: Verifying the link between the SDC and the (Convex Hull
Scalar) WGC.

» Testing Global Robustness: Validating the SDC not just in simple limits, but across complex
arrangements of the moduli space.

German Varona Il ICTEA Research Days June 2, 2026



@ My Research: Testing various versions of the SDC in Heterotic String Theory compacti-
fications on n-tori.

@ Why this is useful for the Swampland Program:
» Global approach: Using string dualities to cover all asymptotic limits of the moduli space.

> Relating different conjectures: Verifying the link between the SDC and the (Convex Hull
Scalar) WGC.

» Testing Global Robustness: Validating the SDC not just in simple limits, but across complex
arrangements of the moduli space.

» Sliding Towers: Observing how a rich structure for the towers (sliding) emerges throughout
the moduli space, while still satisfying the conjectures.
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The Heterotic String on a 2-torus

50(32)

I heterotic
W Type |
M Type !
The moduli space of heterotic " rete
string theory on a 2-torus: the
dilaton and two radii. ?
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The Heterotic String on a 2-torus

50(32)

M heterotic
W Type |
M Type !
M Type IIB

The moduli space of heterotic
string theory on a 2-torus: the
dilaton and two radii.

Pz ™ Pw
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The Heterotic String on a 2-torus: applying the SDC

The SDC at work: Light towers

of states. o

P2

German Varona Il ICTEA Research Days June 2, 2026



The Heterotic String on a 2-torus: applying the SDC

The SDC at work: Light towers

of states. o

Lots of interesting (though
somewhat technical) properties
and structures observed!
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Conclusions

String theory leads to a vast Landscape of possible possible 4d universes.

@ Not all universes constructed as effective theories are consistent with quantum gravity —
the Swampland.

e The Swampland Conjectures try to identify consistent theories — connect with phe-
nomenology (Beyond the Standard Models, Cosmology, etc).

The Weak Gravity Conjecture and the Swampland Distance Conjecture are the most
important examples.

We work on testing and sharpening these conjectures.
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