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“Anthropic Arguments in Fundamental Physics”, Cambridge, Sep 2001





“The boundary condition of the universe 

is that it has no boundary.’”



no-boundary wave function

Semi-classically:

When boundary configuration (3g, φ) 
evolves classically

Then, WDW eq implies



no-boundary wave function

Quantum/Euclidean

Classical/Lorentzian

Semi-classically:

© Hartle

[Halliwell, Hawking, Hartle, 
TH, Laflamme, Louko, Luttrell, 
Lyons, Moss, Shellard, …] 



no-boundary wave function

Quantum/Euclidean

Classical/Lorentzian

Semi-classically:

© Hartle

[Halliwell, Hawking, Hartle, 
TH, Laflamme, Louko, Luttrell, 
Lyons, Moss, Shellard, …] 

Inflation



no-boundary wave function

Quantum/Euclidean

Classical/Lorentzian

Semi-classically:

© Hartle

Inflation
Regularity leaves |φi| free:

• ensemble of inflationary universes

• with fluctuations initially in BD

• leading to a physical arrow of time 



no-boundary wave function

Semi-classically:



The big puzzle … Hartle, Hawking, TH 2011; 

Maldacena 2403.10510



Kontsevich- Segal: complex metrics qualify as backgrounds 

for physically meaningful QFTs if

Witten: elevate this to a selection principle of saddles of 

gravitational path integrals.

Some evidence: KSW criterion eliminates pathological 

wormholes, but it allows e.g. complexified black hole solutions.

[TH, Janssen, Karlsson, 2023]

no-boundary wave function + KSW ?Comment 1:
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no-boundary wave function + KSW ?

Do the fuzzy no-boundary instantons that describe 

the origin of inflation satisfy the KSW criterion?



KSW selection 

What can go wrong?

Consider e.g. the p=0 criterion:

In diagonal form this implies 

where



KSW selection 



The KSW criterion selects those no-boundary saddles in which the 

universe emerges on a concave patch of the scalar slow-roll potential

KSW selection 
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universe emerges on a concave patch of the scalar slow-roll potential
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→ stronger theoretical prior

→add also swampland constraints? I don’t think so …Comment 2:
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TH, O. Janssen, J. Karlsson, 2023;

Maldacena 2024; Janssen 2024

Comment 3:  more tuning gets you out …
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The big puzzle … [Hartle, Hawking, TH 2008; 

Maldacena 2403.10510]

Brief burst 

of inflation

“Observer”© Wheeler
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no-boundary measure 2.0
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• Simple observer D  → low N saddle dominates  -> ‘Boltzmann Brain’ in de Sitter

• Refined observer D  → large N saddle can dominate -> inflationary seeds of structure

no-boundary measure 2.0

Distribution exhibits a Page-like transition: 
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Comment 1: Transition occurs always at the threshold of eternal inflation:

Replication of D regulates observer-weighting Comment 2:

Upshot: In some models, wave function predicts that our universe emerged 

    from a long period of inflation.



Comment 3: For an ‘anthropic’ observer D this amounts to anthropic reasoning, 

but without the fatal ambiguities of an anthropic principle external to the theory. 

Here this is merely quantum mechanics of closed systems… and the data D 

specifying the ‘observer’ can have nothing to do with life.

More comments …
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• GPI ill-defined?

• Hartle-Hawking -> thermal state

• Not in Hartle-Hawking state?

• Tunneling wavefunction?

• Quantum corrections?

• …

Comment 5: Perhaps there are exceptions to 

More comments …



What about k-inflation?  

TH, O. Janssen, E. Pajer, to appear

Damour et al. 1999

Creminelli et al. 2006



Resolving the measure problem



?

CLASSICAL

Resolving the measure problem



?

CLASSICAL

QUANTUM

Resolving the measure problem

observer



?

CLASSICAL

QUANTUM

Resolving the measure problem

coarse-graining
observer



V. Ivo, Y-Z. Li, J. Maldacena, 

2409.14218;
The no boundary density matrix

Hartle, TH 2016,

One Bubble to Rule them All 

Full coarse-graining -> usual no-boundary saddle points



?

observer





bottom-up cosmology (1983)

“creation from nothing”

top-down cosmology (2011)

“ past reconstruction”

Yet another remark

We now view the no-boundary proposal not as a probability that the universe started in some way, but as 

the probability that it ends up looking like it looks at the final surface where we evaluate the wavefunction. 

observer
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Deformed 
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Lorentzian
inflation
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Holographic no-boundary measure
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Deformed 
sphere

Lorentzian
inflation

Complex EAdS
domain wall

Dual QFT

Holographic no-boundary measure

UV

IR

counterterms

Comment 1: Dual of NB condition? 

You simply run out of d.o.f. ..



EdS

dS-EAdS -EAdS

Comment 2: measure, sphere, de Sitter entropy?

[Bobev, TH, Hong, Karlsson, Reys, ‘23]

Dual QFT Dual QFT



• AdS/CFT : 

• Conjecture:

Bobev, TH, Hong, 

Karlsson, Reys, 2023

Comment 2: measure, sphere, de Sitter entropy?



• Leading term: matches Gibbons-Hawking entropy 

• Subleading term: higher-derivative terms in sugra

• Log correction: one-loop determinant in 11D Eucl SUGRA on 

[Bobev, Charles, Hristov, Reys ‘21]

[Marino, Putrov; Fuji, Hirano, Moriyama; many others…]

[Bhattacharyya, Grassi, Marino, Sen] 

Bobev, TH, Hong, 

Karlsson, Reys, 2023

Comment 2: measure, sphere, de Sitter entropy?



Thank you

observer

Ψ, Observer



• Consider 11d Euclidean SUGRA on

• One-loop determinants generate log corrections to the free energy  

• Odd dimensions: only zero modes contribute

• Massless 11d fields: metric, gravitino and three-form

• Ghosts are important!

• Metric and gravitino have no zero mode because S4 is compact. 

• Logarithmic correction due to a p-form:

• → 
v

de Sitter entropy: microscopics
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