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[Green, Martinec, Quigley, Sethi ’11][Gautason, Junghans, Zagermann ’12]
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No-go thms for de Sitter vacua:
[Leedom, NR, Westphal ’22]

Theorem 1. No dS minima for  FT = FS = 0

Theorem 2. No dS minima for  and  K = Ktree(S, T ) FT = 0  but FS ≠ 0

note: racetrack cannot save you

K = − ln(S + S̄)+δKnp(S, S̄)

metastable dS vacuum
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Sp : STUV model(4,ℤ)

+ w1(−w2 + Uw1)Kahler modulus  T = a + it

Dilaton  S =
1
g2

s
+ iθ

Complex structure modulus  U =
1

G11
(G12 + i det(G))

V = − w2 + Uw1Wilson line 

M =
T 1

2 V
1
2 V U



SL(2,ℤ)

Fundamental domain

Modular form of 
weight k γ = (a b

c d) ∈ SL(2,ℤ)

with 2 fixed pts

Ring E4, E6, η

ad − bc = 1

f(γ ⋅ x) = (cx + d)k f(x)



Sp(4,ℤ)

Fundamental domain Siegel upper half plane

Modular form of 
weight k

f(Γ ⋅ X ) = det(CX + D)k f(X )

γ = (a b
c d) ∈ SL(2,ℤ) Γ = (A B

C D) ∈ Sp(4,ℤ)

with 2 fixed pts
with 6 fixed pts σi

Ring E4, E6, η ℰ4, ℰ6, χ10, χ12, χ35

ad − bc = 1 AD − BC = 1
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Fundamental domain Siegel upper half plane

Modular form of 
weight k

f(γ ⋅ x) = (cx + d)k f(x) f(Γ ⋅ X ) = det(CX + D)k f(X )

γ = (a b
c d) ∈ SL(2,ℤ) Γ = (A B

C D) ∈ Sp(4,ℤ)

with 2 fixed pts
with 6 fixed pts σi

Ring E4, E6, η ℰ4, ℰ6, χ10, χ12, χ35

g(X) ⟶ 0Cusp form:
X → cusp

ad − bc = 1 AD − BC = 1

Sp(4,ℤ)SL(2,ℤ)



The EFT



The EFT: Kahler Potential

under :Sp(4,ℤ)

K(2) → K(2) + ln [det(CM† + D)] + ln [det(CM + D)]

K(2) = − ln [det(M − M†)] = − ln [−(T − T̄ )(U − Ū) +
1
4

(V − V̄ )2]
[Lopes Cardoso, Lüst, Mohaupt  ’94]

[Ferrara, Kounnas, Lüst, Zwirner ’91]

M → (AM + B)(CM + D)−1



The EFT: superpotential
the superpotential is more involved!

𝒱 = eG (GiGij̄Gj̄ − 3)G ≡ K(2) + ln |W(2) |
2defining ⇒

K(2) → K(2) + ln [det(CM† + D)] + ln [det(CM + D)]

require invariance of :𝒱
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The EFT: superpotential
the superpotential is more involved!

G ≡ K(2) + ln |W(2) |
2defining ⇒

must be a modular function

 must be invariantG
⇒

K(2) → K(2) + ln [det(CM† + D)] + ln [det(CM + D)]

W(2) → det(CM + D)−1W(2)

We have a prediction on the form!

⇒

𝒱 = eG (GiGij̄Gj̄ − 3)
require invariance of :𝒱
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 is the prediction, we have to find the physicsW(2) → det(CM + D)−1W(2)

The EFT: threshold corrections

b.c. for the running gauge couplings of the EFT at Mstring

moduli dependent = modular forms associated to the symmetry group

computed in the  subsectorsN = 2
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The EFT: threshold corrections

[Mayr, Stieberger ’95]

back to : look for moduli-dependent threshold correctionsSp(4,ℤ)

⇒ threshold corrections

without singularities in :ℱ Δa ∼ ba ln (|χ12|2)

⇒ W(2) ∼
e−S/ba

eΔa

+Δa

with a singularity in  for :ℱ V → 0 Δa ∼ ba ln (|χ10|2)

fa = S [Stieberger ’98]

 is the prediction, we have to find the physicsW(2) → det(CM + D)−1W(2)

ring ℰ4, ℰ6, χ10, χ12, χ35
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The EFT: gaugino condensation

flashback to :SL(2,ℤ)

W =
e−S/ba H(T )
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The EFT: gaugino condensation

flashback to :SL(2,ℤ)

W =
e−S/ba H(T )

η6(T )
H(T ) = ( E4(T )

η8(T ) )
n

( E6(T )
η12(T ) )

m

𝒫( j(T ))

 is the most general modular function on H(T ) SL(2,ℤ)

ring of :  SL(2,ℤ) E4, E6, η

[Rademacher, Zuckerman ’38]

 , but what about non-perturbative effects in the moduli? W(2) ∼
e−S/ba

eΔa



The EFT: gaugino condensation

back to : build the most general modular function 
                             using the ring of : 

Sp(4,ℤ)
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The EFT: gaugino condensation

H(2) = ( ℰ3
4

χ12 )
n

( ℰ2
6

χ12 )
m

( ℰ2
4ℰ6 χ10

χ2
12 )

ℓ

𝒫( j(2))

[Kidambi, Leedom, NR, Westphal WiP]

⇒ W(2) ∼
e−S/baH(2)

eΔa

back to : build the most general modular function 
                             using the ring of : 

Sp(4,ℤ)
Sp(4,ℤ) ℰ4, ℰ6, χ10, χ12, χ35

Theorem:

 , but what about non-perturbative effects in the moduli? W(2) ∼
e−S/ba

eΔa
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The EFT: gaugino condensation

The check:

modular forms Jacobi forms

Hilbert forms Siegel forms

ST model STV model

STUV modelSTU model

H(2) = ( ℰ3
4

χ12 )
n

( ℰ2
6

χ12 )
m

( ℰ2
4ℰ6 χ10

χ2
12 )

ℓ

𝒫( j(2))
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2) Send V → 0
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ϕ12,1(T, V ) =
1

144
(E2
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→ 12 η24(T )

1) Expansion in U
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The check:

ℰ4 = E4(T ) + 240E4,1(T, V )e−2πU + …

ℰ6 = E6(T ) − 504E6,1(T, V )e−2πU + …

2) Send V → 0

E4,1(T, V ) → E4(T )

E6,1(T, V ) → E6(T )

χ10 = ϕ10,1(T, V )e−2πU + …

χ12 = η24(T ) +
1
12

ϕ12,1(T, V )e−2πU + …

ϕ10,1(T, V ) =
1

144
(E6E4,1 − E4E6,1)

→ 0

ϕ12,1(T, V ) =
1

144
(E2

4 E4,1 − E6E6,1)

→ 12 η24(T )

H = ( E4

η8 )
n

( E6

η12 )
m

𝒫( j)⟶

1) Expansion in U
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Gaugino condensation and Vacua

Why care about ?H(2)

1) Compute the potential

⇒ can we uplift requiring  ? FS ≠ 0

[Kidambi, Leedom, NR, Westphal WiP]

without explicitly computing , we prove: 𝒱(S, T, U, V )

these extrema are always either Minkowski or AdS minima when FS = 0

all 6 fixed points  are extrema: 

since  is a Siegel modular function,

σi

𝒱(S, T, U, V ) ∇𝒱(S, T, U, V )|{T,U,V}=σi
= 0
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Why care about ?H(2)

2) For , at the 2 fixed pts:FS ≠ 0

3 < A(S, S̄) < #

A(S, S̄) > 33 −
̂V(T, T̄ )
H(T )

H(T ) = ( E4(T )
η8(T ) )

n

( E6(T )
η12(T ) )

m

𝒫( j(T ))

A(S, S̄) ∼ FSF̄S̄

[Leedom, NR, Westphal ’22]

WiP: produce similar results for

H(2) = ( ℰ3
4

χ12 )
n

( ℰ2
6

χ12 )
m

( ℰ2
4ℰ6 χ10

χ2
12 )

ℓ

𝒫( j(2))
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proven new no-go theorems for dS minima

made considerable progress in the  setupSTUV

extend the extrema analysis made for  to SL(2,ℤ) Sp(4,ℤ)

→ new, bigger landscape of heterotic vacua

→ extension of the no-go theorems: new dS vacua

relate our findings with the Swampland program

understand  and   orbifold geometryH H(2) ↔

What have we found + What has to be done

Thank you


