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Supersymmetry (susy): symmetry bosons ←→ fermions
e.g. landscape of supersymmetric compactifications, AdS/CFT ⇒ understanding of N = 4 supersymmetric

Yang-Mills (exact results), connections with beautiful mathematics,. . .

Low-energy limit of string theory = supergravity
String theory has two expansion parameters:

α′ (string length): corrections to supergravity
gs (string coupling constant): string loops

String theory lives in ten dimensions:

Compactification: 10D → 4D (space-time) × 6D
(small=compactification scale) old Kaluza-Klein idea
The notorious problem of stabilizing the moduli
moduli: scalar fields describing shape/size/potentials 6D internal
manifold
Effective theory: 4D gauged supergravity
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Compactification with positive cosmological
constant

If string theory = theory of everything, it should have something to
say about cosmology

Cosmological solution (i.e. FLRW × 6D) breaks susy

Simpler solution: dS4× 6D (also breaks susy)
dS4: maximally symmetric Lorentzian manifold with constant
positive curvature

Model of the late-time universe
Starting point for models of inflation
inflaton: one of the moduli fields
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KKLT-model

Kachru, Kallosh, Linde, Trivedi

Recipe:
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KKLT-model

Kachru, Kallosh, Linde, Trivedi

Recipe:

Construct susy compactification on so-called warped Calabi-Yau
Stabilizing size modulus: non-perturbative corrections (gs) are
relevant: space-time = AdS4

Study effects in effective 4D gauged supergravity theory
Add so-called uplifting contribution (e.g. anti-D3-branes), which
break susy and uplift to dS4

Very close to susy model (broken only in last step)

Hugely succesful paper, many follow-up works
for instance, models of inflation: KKLMMT
(Kachru,Kallosh,Linde,Maldacena,McAllister,Trivedi)

However:

Lost control 10D solution in step 2 and 3
Stabilizing moduli required classical and quantum effects
Can we trust our knowledge non-perturbative corrections?
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Goal of our work

Completely explicit and simple dS solution

Classical in α′, gs → solution of supergravity eoms

Clear 10d interpretation: compact 6D manifold

Limit ingredients to what is well-understood
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Why so difficult?

Loss of susy: solve complete sugra eoms, instead of shortcut: susy
conditions and Bianchi identities
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Maldacena-Núñez: compactifications to dS or Minkowski with
fluxes need negative-tension sources
String theory provides such sources: Orientifold-planes
(orientifolding = imposing symmetry, consisting of world-sheet
parity and target-space involution)

6 / 10

Positive cosmological constant in string theory and supergravity (Paul Koerber)



Why so difficult?

Loss of susy: solve complete sugra eoms, instead of shortcut: susy
conditions and Bianchi identities

No-go theorems:
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Maldacena-Núñez: compactifications to dS or Minkowski with
fluxes need negative-tension sources
String theory provides such sources: Orientifold-planes
(orientifolding = imposing symmetry, consisting of world-sheet
parity and target-space involution)
Hertzberg, Kachru, Taylor, Tegmark: dS or inflation in type IIA
impossible on a Calabi-Yau manifold (R6 = 0) with only fluxes,
D6-branes and O6-planes
It turns out we need: R6 < 0 and Romans mass m 6= 0 Haque,

Shiu, Underwood, Van Riet

Or more exotic ingredients: NS5-branes, KK-monopoles
(e.g. Silverstein) or non-geometric fluxes (e.g. de Carlos et al.)
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Loss of susy: solve complete sugra eoms, instead of shortcut: susy
conditions and Bianchi identities

No-go theorems:

Maldacena-Núñez: compactifications to dS or Minkowski with
fluxes need negative-tension sources
String theory provides such sources: Orientifold-planes
(orientifolding = imposing symmetry, consisting of world-sheet
parity and target-space involution)
Hertzberg, Kachru, Taylor, Tegmark: dS or inflation in type IIA
impossible on a Calabi-Yau manifold (R6 = 0) with only fluxes,
D6-branes and O6-planes
It turns out we need: R6 < 0 and Romans mass m 6= 0 Haque,

Shiu, Underwood, Van Riet

Or more exotic ingredients: NS5-branes, KK-monopoles
(e.g. Silverstein) or non-geometric fluxes (e.g. de Carlos et al.)
Flauger, Paban, Robbins, Wrase: rules out specific models with
geometric fluxes; Caviezel, PK, Körs, Lüst, Tsimpis, Zagermann:
rules out some coset models, retains SU(2)×SU(2)
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Our playground: coset manifolds

We need manifolds with R6 < 0 (geometric flux), so Calabi-Yau
manifolds (string theorists’ and mathematicians’ favourites) are out
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Our playground: coset manifolds

We need manifolds with R6 < 0 (geometric flux), so Calabi-Yau
manifolds (string theorists’ and mathematicians’ favourites) are out

Simple class of examples: group manifold G and coset manifolds
G/H

Differential equations reduce to algebraic equations
Know susy AdS4 solutions
AdS4: maximally symmetric Lorentzian manifold with constant
negative curvature, admits susy

Strategy: keep some ingredients of the susy AdS solutions

O-planes do not break susy (it is broken by the fluxes)
Use so-called SU(3)-structure (related to susy) on these manifolds
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Solution on SU(2)× SU(2)

On SU(2)×SU(2) we found dS solutions
Three parameters: overall scale, gs, one shape parameter
Take e.g. f2/f1
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Drawbacks

Model has tachyonic mode
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Investigation of flux quantization = to be done

Scan for other examples = work in progress
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Conclusions

Constructing solutions with positive cosmological constant, or
models of inflation in string theory is very difficult

KKLT works because it stays very close to susy, but construction is
not completely explicit

Good to have an alternative to models like KKLT

Solution we proposed: completely classical and explicit, but has
problem with stability (tachyon)

Proof of concept, but still much work to be done
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