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dS and Cosmology



de Sitter space

• dSd: Maximally symmetric d-dimensional
spacetime of constant positive curvature.

• Solution of vacuum Einstein equations with
c.c. Λ > 0.

• As a hypersurface in Rd,1:
−X20 + X21 + . . .+ X2d = R2.

• Then Λ = (d−2)(d−1)
2R2 . Sketch of dS spacetime

from [Jakobsson 2017]
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The cosmological constant problem

• Data: Accelerating expansion
of the universe.

• Explanation: Positive
cosmological constant Λ.

• Cosmological constant
problem: Λobs ≪ ΛQFT

• Need for some natural
mechanism for small Λ
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String theory



From particles to strings [1]

Point Particle
• Action: Length of worldline
SNG = −m

∫
γ

√
−ds2 = −m

∫
γ

√
−Ẋ2dτ

• Description by
Xµ, µ = 0, ...,d− 1 with
Xµ = Xµ(τ)

String
• Action: Area of worldsheet
SNG = −T

∫
Σ
dA = −T

∫
Σ
d2σ

√
(Ẋ · X′)2 − Ẋ2X′2

• Description by
Xµ, µ = 0, ...,d− 1 with
Xµ = Xµ(τ, σ)
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Closed String

• Eom: □Xµ = 0, Periodicity: Xµ(σ) = Xµ(σ + l)
• Solution: Xµ = XµR (σ−) + XµL (σ+) → left- and right-movers
• Expand as: XL/R ∼ a+ bσ± + oscillatory modes αn
• After quantization: Interpret an, α−n,n > 0 as raising/lowering
operators→ construct spectrum!

• At massless level: αi−1ᾱ
j
−1 |0⟩

→ symmetric traceless tensor gij (graviton),
→antisymmetric tensor B[ij] (Kalb-Ramond field),
→trace Φ (scalar dilaton)

• Consistency: d = 26
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What about superstrings?

• Motivation: no tachyons, fermions in spectrum

• Introduce fermionic contributions in action,
making it SUSY invariant

• Critical Dimension: d=10

• Want 4d effective theory - compactify on 6
dimensions: R3,1 ×M6

→ Moduli: Extra scalars in 4d, parametrize size, shape ofM6 etc
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Effective Potential and Landscape

• Need to make moduli massive→ moduli stabilization!

• How? Add fluxes, branes, o-planes...

• Get effective action: Seff =
∫ √

|g|(R− 1
2Gij∂ϕ

i∂ϕj − V(ϕ))

• V(ϕ): effective potential for moduli.

• Vacuum V(ϕ0) : ϕ0 s.t ∇ϕV(ϕ)|(ϕ0) = 0 and Λ ≡ V(ϕ0).

• Enormous number of possibilities: 10500 → 10272.000 [5]

• String landscape: Vacua of all these stringy constructions
together!
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The swampland



The Swampland Program [6]

• Goal: Find restrictions for coupling a theory to gravity, focusing
on UV-behaviour.

• Swampland: Set of apparently self-consistent low-energy EFTs
that cannot be UV-completed to Quantum Gravity.

• Landscape: Set of theories that can be consistently
UV-completed to Quantum Gravity.
→ All fully-controlled string models belong in the landscape.

Schematic depiction of Landscape and Swampland [4]
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Telling the two regions apart

• Swampland Conjectures:
Set of properties that have to be satisfied by theories in the
landscape.

• Evidence:
(non-) realization in stringy constructions, black hole arguments.

• Well-known Examples: Weak Gravity Conjecture, Distance
Conjecture, dS Swampland Conjecture etc.

• Interesting inter-relations between conjectures.
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What about de Sitter?



dS swampland conjectures

The de Sitter Conjecture [3]
The scalar potential of a theory coupled to gravity must satisfy a
bound on its derivatives w.r.t scalar fields

|∇V| ≥ c
Mpl

V

with c > 0 of O(1).

• dS vacuum clearly forbidden.
• Motivation: Great difficulty in explicitly constructing dS vacua.
• Already existing dS vacua? (KKLT etc)
• Particle physics counterexamples?
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Refinement of the conjecture

The Refined de Sitter Conjecture; [3, 2]
The scalar potential of a theory coupled to gravity must either satisfy

|∇V| ≥ c
Mpl

V

or
min(∇i∇jV) ≤ − c′

M2
pl
V

with c, c′ > 0 of O(1), lhs the minimum eigenvalue of the Hessian in
an orthonormal frame.

• dS with tachyons now allowed.
• Motivation: Distance Conjecture and entropy bounds
• Particle physics counterexamples avoided.

11



Conclusions



Summary

• String theory: Consistent Theory of Quantum Gravity.
• Compactifications lead to a very vast lanscape of vacua.
• Swampland is even vaster.
• dS claimed to be in the swampland.
• What about observations?
• Way out: Dynamical Cosmological constant?
• More recent: Trans-Planckian censorship conjecture:
allows for shortlived dS

• Very active field - no clear conclusions yet
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Thank you!
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