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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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 Moduli stabilization with geometric fluxes has been studied extensively.

                                                       [De Wolfe et al ‘05, Camara et al ’05…]

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

                                                                                            [Becker et al ’06, ‘07]

 Begin with a type IIA compactification on a rigid 𝐶𝑌3 (ℎ2,1 = 0) and 
consider its mirror dual. 

 No geometric description as ℎ1,1 = 0, but we have a LG description. 

                                                                                                        [Witten ‘93]
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projections,

               19/𝑍3                                                              26/𝑍4    

                    𝑊 = σ𝑖=1
9 (𝑥𝑖)3                                         𝑊 = σ𝑖=1

6 (𝑥𝑖)4

                   

                𝑥𝑖 → 𝜔 𝑥𝑖  , 𝜔 = 𝑒
2 𝜋𝑖

3                                  𝑥𝑖 → 𝜔 𝑥𝑖 , 𝜔 = 𝑒
2 𝜋𝑖

4

   𝜎 ∶ 𝑥1, 𝑥2 … 𝑥9 → −(𝑥2, 𝑥1 … 𝑥9) 𝜎 ∶ 𝑥1, 𝑥2 … 𝑥6 → 𝑒
𝜋𝑖

4  (𝑥1, 𝑥2 … 𝑥6)



Review of  LG 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]



Review of  LG 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 = 𝑥4 these are given by,

                                                               where 𝑉0 + 𝑉1 + 𝑉2 + 𝑉3 = 0



Review of  LG Construction 

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

𝐶 𝑥 /𝑥3 = < 1, 𝑥, 𝑥2 > 

                                                                                                                        [Vafa ‘89]



Review of  LG Construction 

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

𝐶 𝑥 /𝑥3 = < 1, 𝑥, 𝑥2 > 

                                                                                                                        [Vafa ‘89]

 The RR charges of  the cycles are then computed as below,

𝑉𝑛 𝑙 = 𝑉𝑛
𝑒−𝑥4

𝑥𝑙−1𝑑𝑥 =
1

4
 𝜔𝑛𝑙 1 − 𝜔𝑙 Γ(

l

4
)

     where 𝜔 = 𝑒
𝜋𝑖

2 .                                                                                       [Hori et al ‘00] 
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 This lets us compute the GKW superpotential to get an effective 4d theory!

                                               𝑊 = 𝑀
𝐹3 − 𝜏 𝐻3 ∧ Ω

                                                                                                          [Gukov et al ‘99]

 We will restrict to supersymmetric Minkowski vacua.

 Solving 𝑊 = 0, 𝐷𝑖𝑊 = 0 gives us, 𝐺 = σ𝑎 𝐴𝑎𝜒𝑎 ∈ 𝐻2,1(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 26 Gepner model with a 𝑍4 orbifold. The worldsheet 
superpotential is given by,

                                                𝑊 = σ𝑖=1
6 (𝑥𝑖)4

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

Γ𝑛1𝑛2𝑛3𝑛4𝑛5𝑛6
→ 𝑐𝑦𝑐𝑙𝑒𝑠

                       𝛀𝐥 ↔ 𝐥 = | ۧ𝑙1, 𝑙2, 𝑙3, 𝑙4, 𝑙5, 𝑙6 → 𝑐𝑜ℎ𝑜𝑚𝑜𝑙𝑜𝑔𝑦 𝑏𝑎𝑠𝑖𝑠

where 𝑙𝑖 = 1,2,3 and σ𝑖 𝑙𝑖 = 2 (𝑚𝑜𝑑 4) because of  the orbifold.



Moduli Stabilization and the Swampland

 For supersymmetric Minkowski vacua we have,

                                      𝐺 =  σ𝒍𝟏𝟎
𝐴𝒍𝟏𝟎 Ω𝒍𝟏𝟎

   where σ𝑖 𝑙𝑖 = 10  for 𝐥𝟏𝟎

   As in the LG language Ω𝒍𝟏𝟎
∈ 𝐻2,1(𝑀).



Moduli Stabilization and the Swampland

 For supersymmetric Minkowski vacua we have,

                                      𝐺 =  σ𝒍𝟏𝟎
𝐴𝒍𝟏𝟎 Ω𝒍𝟏𝟎

   where σ𝑖 𝑙𝑖 = 10  for 𝐥𝟏𝟎

   As in the LG language Ω𝒍𝟏𝟎
∈ 𝐻2,1(𝑀).

 Many such vacua exist, but have massless directions! 



Moduli Stabilization and the Swampland

 For supersymmetric Minkowski vacua we have,

                                      𝐺 =  σ𝒍𝟏𝟎
𝐴𝒍𝟏𝟎 Ω𝒍𝟏𝟎

   where σ𝑖 𝑙𝑖 = 10  for 𝐥𝟏𝟎

   As in the LG language Ω𝒍𝟏𝟎
∈ 𝐻2,1(𝑀).

 Many such vacua exist, but have massless directions! 

                              Flat directions         ⇒    Massless directions



Moduli Stabilization and the Swampland

 For supersymmetric Minkowski vacua we have,

                                      𝐺 =  σ𝒍𝟏𝟎
𝐴𝒍𝟏𝟎 Ω𝒍𝟏𝟎

   where σ𝑖 𝑙𝑖 = 10  for 𝐥𝟏𝟎

   As in the LG language Ω𝒍𝟏𝟎
∈ 𝐻2,1(𝑀).

 Many such vacua exist, but have massless directions! 

                              Flat directions         ⇒    Massless directions

                         Massless directions ⇏          Flat directions



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.



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]



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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Summary

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

 Are massless directions truly flat.

 Understand Kähler potential better to study non-supersymmetric vacua.

 Other Gepner models with interesting properties.
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