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Introduction
• A furious debate has been raging about accelerating cosmology in string theory
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but most string theory ingredients obey 
strong energy condition (= attraction)

[Gibbons ’84; 
Maldacena, Nuñez ’00]
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• 1RWDEO\� GR G64 ⇥M6 VROXWLRQV H[LVW"
small internal dimensions 

• O-planes, string effects can violate it, but it’s difficult to control them.

Many models, but none universally agreed to be correct.

[Kachru, Kallosh, Linde, Trivedi ’02, Balasubramanian, Berglund, Conlon, Quevedo ’05; 
Saltman, Silverstein ’04; Burgess, Kallosh, Quevedo ’03; Danielsson, Haque, Shiu, Van Riet ’09;

…; Córdova, De Luca, AT ’18; De Luca, Silverstein, Torroba ’21]
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• Maybe we can understand these first,
and use them as stepping stones 

towards dS.
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• Bonus: holography quantum 
gravity in

AdS
= CFT on its 

boundary
[Maldacena ’98]
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• Lower dimensions and susy: sometimes reduced to PDEs
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• It might be time to take stock of these general results and extract general lessons. 

• Today: can we count AdS solutions?
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Plan

• Outlook

• Counting with cutoffs

• Types of AdS solutions 

• Moduli and tachyons
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• Variants: restrict to vacua with a certain amount of susy, global symmetry, etc.
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• Warm-up: AdS4 with maximal supersymmetry.
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[Apruzzi, Fazzi, Rosa, AT ’13; Brandhuber, Oz ’99;
D’Hoker, Gutperle, Karch, Uhlemann ’16]

[AdS5 notable cases]

[Maldacena, Nuñez ’00; Gaiotto, Maldacena ’09;
Bah, Beem, Bobev, Wecht ’12; Gauntlett, Martelli, 

Sparks, Waldram ’04,’05; Apruzzi, Fazzi, Passias, AT ’15
Gabella, Gauntlett, Palti, Sparks, Waldram ’09…]
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[complete susy classifications]
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D’Hoker, Gutperle, Karch, Uhlemann ’16]
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[Maldacena, Nuñez ’00; Gaiotto, Maldacena ’09;
Bah, Beem, Bobev, Wecht ’12; Gauntlett, Martelli, 

Sparks, Waldram ’04,’05; Apruzzi, Fazzi, Passias, AT ’15
Gabella, Gauntlett, Palti, Sparks, Waldram ’09…]

[AdS4 notable cases]

[Assel, Bachas, Estes, Gomis ’11, ’12]

[Pang, Rong ’15; Guarino, Varela ’15; Assel, AT ’18]

[Corrado, Pilch, Warner ’01;  Gabella, Martelli, 
Passias, Sparks ’12; Halmagyi, Pilch, Warner ’12;

Petrini, Zaffaroni ’09; Guarino, Jafferis, Varela ’15; 
Passias, Prins, AT, ’18; Guarino, Sterckx, Trigiante ’20…]

[Behrndt, Cvetic ’04; AT ’07; Rota, AT ’15;
Arav, Cheung, Gauntlett, Roberts, Rosen ’20]
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Moduli and tachyons
But wait a second: what about moduli?
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R
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But wait a second: what about tachyons?

• Similar prescription:
<latexit sha1_base64="6MasitsAnWdNjxnOLjsCibnwzhA="></latexit>

N(µ) ⌘ QXPEHU RI $G6d YDFXD ZLWK
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•QR PDVVLYH pĥEUDQHV ZLWK T < µp+1

• All examples with brane proliferations have many.

The RG flows follow the natural 
ordering of partitions.

• Dual to relevant operators whose vev trigger RG flows 
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approx. tachyonic regions as balls in field space

• Actually a relatively small ball contains all vacua.
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a gauged supergravity;
not quite a consistent truncation!
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• We get again a power law!
<latexit sha1_base64="fZDVEYHWcugCmFXHACpvyH3qPAs="></latexit>

N(µ̂) ⇠ µ̂35/6H[S
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q
2
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⌘
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• We find it plausible that this mechanism works for the other cases with brane proliferation

• We don’t have the appropriate reduced gauged supergravity theories 
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Conclusions
<latexit sha1_base64="1Qch0Cjm51a9UQKb6xhp+HzsTGs="></latexit>

• N(µ̂) GLYHUJHV H[SRQHQWLDOO\ DV µ̂ ! 0

… dominated by brane proliferation

<latexit sha1_base64="aCBspcgmkqvGGY0thppmuZAEhZo="></latexit>

µ̂ = µ
Md

= FXWRɱ
3ODQFN PDVV

• It gets softened to a power-law if we weight by field-theory volume

• If a similar story holds for [even approximately] dS solutions:

• Implications for understanding the typical holographic CFT

• ‘typical’ solution has few light moduli
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• distribution of vacua would be softened:
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