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The Swampland program poses questions about validity of vacua.
Identifying patterns in less explored corners of the landscape.
Helps in testing conjectures.

Powerful non-renormalization theorems allow for control.
[Becker et al "06, 07]
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Review of .G Construction

Moduli stabilization with geometric fluxes has been studied extensively.
[De Wolte et al ‘05, Camara et al 05...]

Motivated by type IIA results BBVW to study LG orbifolds which are in
the same Kiahler moduli space as the mirror dual.

[Becker et al 06, ‘07]

Begin with a type IIA compactification on a rigid CY3 (h*! = 0) and
consider its mirror dual.

No geometric description as h''! = 0, but we have a LG description.
[Witten 93]
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Review of .G Construction

We will focus on two LG orbifolds with A1 = 0 that are mirror to toroidal

orbifolds and flow to Gepner models, and consider the following orientifold
projections,

1°/Z5 2°/Z,4
9 j 6 i
W = Zi=1(xl)3 W = Zi=1(xl)4
x> wxt,w =e 3 x> wxt,w =e 4
mi
0: (X, Xy .. Xg) & —(X9, X1 ... Xg) 0: (X, X9 .0.xg) 2 €4 (X1, X9 ... Xg)
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Review of .G Construction

* The supersymmetric A-cycles can be described in terms of the A-type D Branes
which correspond to Im(W) = 0 on the x-space.

[Hori et al 00]

* For example, for a single variable superpotential W = x* these are given by,

WhereV0+V1+V2+V3 —O
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Review of .G Construction

The cohomology basis is spanned by the RR ground states |l) where [ = 1,2,3.
These can also be represented by the chiral ring,

Clx]/x3=<1,x,x% >
[Vata “89]

The RR charges of the cycles are then computed as below, 1
() =, e~ x1"1dy = i w™ (1 — wl)F(Z)

Tl

where w = ez. [Hori et al ‘00]
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Review of .G Construction

This lets us compute the GKW superpotential to get an effective 4d theory!

W = fM(FS _THB)/\Q
[Gukov et al "99]
We will restrict to supersymmetric Minkowski vacua.

Solving W = 0,D;W = 0 givesus, G = Y., A%y, € H>1(M).

The LG tools let us compute the derivatives of the superpotential at the Fermat
point. [Becker et al 22]
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Moduli Stabilization and the Swampland

We focus on the 2° Gepner model with a Z, orbifold. The worldsheet
superpotential is given by,

W = Zi6=1(xi)4

Building on the single variable case, the cycles and the RR ground states
(cohomology basis) are given by,

Fn1n2n3n4n5n6 - CyCleS

Qo 1=]l,1,,15 1,15 1ls) - cohomology basis

where [; = 1,2,3 and ); [; = 2 (mod 4) because of the orbifold.
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Moduli Stabilization and the Swampland

For supersymmetric Minkowski vacua we have,
G= i, Aho (,, where },;[; = 10 for Iy
As in the LG language (1, € H%1(M).

Many such vacua exist, but have massless directions!
Flat directions = Massless directions

Massless directions  # Flat directions
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Moduli Stabilization and the Swampland

The goal is to expand the superpotential around the SUSY Minkowski
extrema and compute higher orders to see if massless directions get

lifted.

The tadpole conjecture suggests that it is not possible stabilize all moduli
using fluxes without violating tadpole cancellation.

[Bena et al “20]

The massless Minkowski conjecture suggests that there are no 4d
Minkowski vacua without massless scalars.

[Gautason et al “18, Andriot et al 22]
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Moduli Stabilization and the Swampland

The goal is to expand the superpotential around the SUSY Minkowski
extrema and compute higher orders to see if massless directions get

lifted.

No violation of the tadpole conjecture up to quadratic order was found
previously. [Becker et al 22]

Preliminary results in the 1° model show that massless directions get

lifted!

The 2° model would not violate the tadpole conjecture bound even if all
moduli are stabilized. This would still be interesting for the Massless
Minkowski conjecture. Preliminary results show it is possible to stabilize
79 (out of 91) moduli.



Moduli Stabilization and the Swampland
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Summary

LG orbifolds with no Kidhler moduli are a promising avenue for moduli
stabilization!

Are massless directions truly flat.
Understand Kihler potential better to study non-supersymmetric vacua.

Other Gepner models with interesting properties.
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