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The string theory landscape

Looking for a more diverse landscape: 

Special thank to Beate Naroska initiative! 
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Why string theory ?

We could be happy with two theories, except…



susy 

GUT
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Since a naive theory of quantum gravity does not work…

We have to think radically differently

Quantisation should be 
done in a different way

The basic degrees 
of freedom are different

(e.g. non-pertubatively) 

atring
point

particle .

vertex

“pants” diagram

String theory
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6 Structure des protons et des neutrons 

Proton : 
2 quarks up 
1 quark down 

Neutron : 
1 quark up 
2 quarks down 

Interaction forte 

10-15
 m = 0.000000000000001 m 

10-30 m

They are so small that we cannot observe them directly

10-15 m

They are all strings!

10-15 m

ℓs
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• First superstring revolution (‘85): quantum consistency

• A remarkable theory of quantum gravity, calculable

String theory 

there are 10 space-time dimensions!
if… 

• Its spectrum contains the graviton, gauge fields, fermions 
  and scalars

1+3
∼ 10−25m
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String theory 

T-duality

S-duality

R ↔ ls2/R 
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Consistent and Unique 
theory in10 d

Multiple possibilities

Geometry of M6

determines physics 
in 4d 

4d universe

6d compact space

:10500

But 

M10=M4 x M6

Landscape of possible 4d “universes”
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no cosmological constantBUT

(radii of circles, can be changed at no cost)

Massless scalar particles

Simplest exemple

supersymmetric spectrum

M10 = M4 × M6}

T6

EXCLUDED

10 d

Would lead to unobserved long-range 
fifth force(s)
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Next to simplest example:

M10 = M4 × M6

(e.g. the volume)Massless particles 

Still supersymmetric 

4D space-time= Minkowski (no cosmological constant)

Eq. of motion:
E ≪ Ms ≲ MP

M6 : Rmn=0 Ricci-flat

Calabi-Yau 
manifolds

(less than for tori, )𝒩 = 1

Richer than tori,
can overcome

problems

4D:
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flux

fixed radius where
gravitational attraction

=
electromagnetic repulsion

M. Graña, “Flux compactifications in string theory: a 
comprehensive review”

Phys. Repts, 2006

How to avoid massless scalar particles?

Add fluxes

Large number (finite?) of 6d CY and (for each of them)  possible 
flux configurations below the upper bound given by “tadpole cancelation”

10500

Landscape of possibles 4d universes

Fluxes can also break supersymmetry!



But: as is, this is still far from our universe, which has



But: as is, this is still far from our universe, which has

•Positive cosmological constant (4d de Sitter space)

•Standard Model of particles



But: as is, this is still far from our universe, which has

•Positive cosmological constant (4d de Sitter space)

•Standard Model of particles
1980’s: We’ll find THE Calabi-Yau that gives Standard 
Model spectrum



But: as is, this is still far from our universe, which has

•Positive cosmological constant (4d de Sitter space)

•Standard Model of particles

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

1980’s: We’ll find THE Calabi-Yau that gives Standard 
Model spectrum



Found using machine learning. 
Next step ~2025?: compute masses (by Yukawa couplings to Higgs): 
need metric of CY,  itself found using machine learning)

But: as is, this is still far from our universe, which has

•Positive cosmological constant (4d de Sitter space)

•Standard Model of particles

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

1980’s: We’ll find THE Calabi-Yau that gives Standard 
Model spectrum



Found using machine learning. 
Next step ~2025?: compute masses (by Yukawa couplings to Higgs): 
need metric of CY,  itself found using machine learning)

But: as is, this is still far from our universe, which has

•Positive cosmological constant (4d de Sitter space)

•Standard Model of particles

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

2003: generic construction for the  possibilities 10500
Much more difficult!!!

1980’s: We’ll find THE Calabi-Yau that gives Standard 
Model spectrum



Found using machine learning. 
Next step ~2025?: compute masses (by Yukawa couplings to Higgs): 
need metric of CY,  itself found using machine learning)

But: as is, this is still far from our universe, which has

•Positive cosmological constant (4d de Sitter space)

•Standard Model of particles

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

2003: generic construction for the  possibilities 10500

 Many issues found (e.g. instabilities, but not clear their end-point) 

Much more difficult!!!

1980’s: We’ll find THE Calabi-Yau that gives Standard 
Model spectrum



Found using machine learning. 
Next step ~2025?: compute masses (by Yukawa couplings to Higgs): 
need metric of CY,  itself found using machine learning)

But: as is, this is still far from our universe, which has

•Positive cosmological constant (4d de Sitter space)

•Standard Model of particles

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

2003: generic construction for the  possibilities 10500

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

Much more difficult!!!

1980’s: We’ll find THE Calabi-Yau that gives Standard 
Model spectrum



Found using machine learning. 
Next step ~2025?: compute masses (by Yukawa couplings to Higgs): 
need metric of CY,  itself found using machine learning)

But: as is, this is still far from our universe, which has

Both together..?

•Positive cosmological constant (4d de Sitter space)

•Standard Model of particles

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

2003: generic construction for the  possibilities 10500

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

Much more difficult!!!

1980’s: We’ll find THE Calabi-Yau that gives Standard 
Model spectrum



Found using machine learning. 
Next step ~2025?: compute masses (by Yukawa couplings to Higgs): 
need metric of CY,  itself found using machine learning)

But: as is, this is still far from our universe, which has

Both together..?

•Positive cosmological constant (4d de Sitter space)

•Standard Model of particles

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

2003: generic construction for the  possibilities 10500

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

Much more difficult!!!

1980’s: We’ll find THE Calabi-Yau that gives Standard 
Model spectrum
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computed

• Mostly explored: landscape CY compactifications

• The string landscape is mostly unexplored

- Go beyond Calabi-Yau manifolds
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All seems to indicate that our universe is here

 Beautiful, diverse and still largely unexplored landscape

T-folds

- Both together?

with Jan Louis, 2005-2014, Cortes

Special thank to Beate Naroska initiative for diversity! 


