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dS extrema and the swampland

• Recent papers call for a paradigm change
Brennan, Carta, Vafa 1711.00864
Danielsson, Van Riet  1804.01120

Obied, Ooguri, Spodyneiko, Vafa 1806.08362
Agrawal, Obied, Steinhardt, Vafa 1806.09718

𝛻𝑉 ≥ 𝑐 𝑉 for   𝑐 ∼ 𝑂(1)

Inflation        ⇒ string gas cosmology, 
bouncing cosmology, …

dS vacua       ⇒ quintessence    



dS extrema and the swampland

• What are these claims based on?
Obied, Ooguri, Spodyneiko, Vafa 1806.08362

• Given the controversy in our community about construction 
that use non-perturbative effects and anti-D3-branes, the 
authors of 1806.08362 discard all constructions that involve 
quantum effects (KKLT, LVS, …)
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• Then they study the following classical setups:

– M-theory (𝐴𝑑𝑆4 × 𝑆
7 gives 𝑐 ∼ 1.4)

– O(16)xO(16) non-SUSY string theory (𝑐 ∼ 3.5) 

– NEC and SEC (𝑐𝑁𝐸𝐶 ∼ 1.2 and 𝑐𝑆𝐸𝐶 ∼ 1.6)

– Type II supergravity  → this talk



Type IIA on CY3

• Using fluxes 𝐹0, 𝐹2, 𝐹4 and 𝐻3 together with O6-planes, 
one can stabilize all moduli classically in AdS4

DeWolfe, Giryavets, Kachru, Taylor  hep-th/0505160

• However, it is impossible to have dS vacua
Hertzberg, Kachru, Taylor, Tegmark 0711.2512
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Type IIA on group/coset spaces

• Considering compactifications on spaces with curvature 
changes things 

summarized in Wrase, Zagermann 1003.0029

• 𝑂𝑞-planes and 𝐹𝑝 fluxes (for lowest 𝑞 and 𝑝)
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Type IIA on group/coset spaces

• Considering compactifications on spaces with curvature 
changes things 

summarized in Wrase, Zagermann 1003.0029

• Once curvature is included, dS vacua cannot be 
excluded and have been searched for

Flauger, Robbins, Paban, TW 0812.3886
Caviezel, Koerber, Körs, Lüst, TW, Zagermann 0812.3551 

Danielsson, Haque, Shiu, Van Riet 0907.2041
Caviezel, TW, Zagermann 0912.3287 

Danielsson, Koerber, Van Riet 1003.3590

• No dS vacua have been found but dS critical points with 
𝛻𝑉 = 0, 𝑉 > 0 have been constructed
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Let us examine these more closely:

• IIA on
𝑆3×𝑆3

𝑍2×𝑍2
with O6-planes and fluxes (including 𝐹0)

– O6-planes are smeared
– Neglect potential blow-up modes from orbifolding
– What are the moduli?
– Mass parameter in type IIA
– Flux quantization
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Are dS critical points 

compatible with flux 

quantization?

• Difficult due to H-flux

• For S3xS3/Z2xZ2 flux quantization only possible for small 
volume and large string coupling i.e. flux quantization 
kills this model! But there are many more examples…

Danielsson, Haque, Koerber, Shiu, Van Riet, TW   1103.4858

• Only `T-dual’ IIB example has similar problems
Caviezel, TW, Zagermann 0912.3287 
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• Do we need a paradigm change in string cosmology?

• Why should we not allow for quantum effects?
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THANK YOU!
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