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• Second superstring revolution (‘95): unique theory!

• A remarkable theory of quantum gravity, calculable

String theory 

T-duality

S-duality

g ↔ 1/g 

R ↔ ls2/R 
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Next step ~2025?: compute Yukawa couplings (need metric of CY, 
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Obtained using Calabi-Yau spaces, and the rest bottom-up,

The problem of bottom-up: are we really in the landscape?

requiring in 4D: 4D 10D

•Positive cosmological constant (4d de Sitter space)

•Standard Model of particles
2020: 10700 constructions with a Standard Model 
spectrum! (minimal supersymmetric)

2003:  possibilities 10500 Kachru, Kallosh, Linde, Trivedi 2003
(KKLT)

Or did we fall into the swampland ?

 Many issues found (e.g. instabilities, but not clear their end-point) 
Since 2003: Other solutions found, but far less solid 

Much more difficult!!!
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• Series of conjectures on properties of low energy effective 
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Vafa + O(200) people, 2006-on

Conjectures based on physics of black holes and/or inspired by string theory 
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• Weak gravity conjecture

An EFT theory is not in the swampland if
(i.e. it is consistent with quantum gravity if it satisfies)

:∃ a particle for which gravity is weaker 
than the gauge force

M = Q
extremal black hole

superextremal black hole: 
naked singularity

M2 < Q2

m < q

m > q

.

.
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If all particles

⇒ extremal black holes 
cannot decay: remnants

Black holes
M ≥ Q
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• Some more speculative

• Some on very firm footing (like no global symmetries and weak gravity)

• The most speculative one: de Sitter swampland conjecture

de Sitter space is in the swampland!!
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If so, dark energy comes from quintessence field(s)
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- Go beyond Calabi-Yau manifolds

- Go beyond geometry! 
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• Positive cosmological constant?

All seems to indicate that if dS vacua in string theory

 Beautiful and still largely unexplored landscape

T-folds



• The expansion of the universe must slow down before all Planckian modes are 
stretched beyond the Hubble size

Transplanckian Censorship Conjecture 

Two implications:

- no dS close to boundaries of moduli space, where

|∇V |
V

≥
2

(d − 1)(d − 2)

- dS can exist inside the bulk, if short lived

τ ≤
1
H

log
MP

H


