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“Space and time would only begin to have meaning when 

the original ‘quantum’ is divided into sufficient quanta…

“Clearly the initial quantum could not conceal in itself the 

whole course of evolution... ​ Instead from the same 

beginning widely different universes could have evolved.”



“Space and time would only begin to have meaning when 

the original ‘quantum’ is divided into sufficient quanta…

“Clearly the initial quantum could not conceal in itself the 

whole course of evolution... ​ Instead from the same 

beginning widely different universes could have evolved.”

“If this suggestion is correct, the beginning of the world 

happened a little before the beginning of space and time.”









The new cosmology may turn out to be philosophically even more revolutionary than 

relativity or the quantum theory…

I find the separation between laws and initial conditions unsatisfactory philosophically, 

as it goes against all ideas of the unity of Nature...”

What, then, becomes of the initial conditions [in cosmology]? 

Plainly there cannot be any, or they must be trivial. 

Quantum mechanics enables us to ascribe the complexity of the universe not to the 

complexity of initial conditions but to quantum jumps along the way…

Paul Dirac, Scott lecture, 1939 



• An expanding universe 

• with a cosmological constant 

• emerging from the disintegration of a ‘primeval atom’,

• representing a natural quantum origin, part of science 

yet inaccessible in its simplicity, 

• that comes with relic radiation.

“Standing on a cooled cinder, we see the slow fadings

of the suns, and we try to reconstruct the vanished 

brilliance of the origin of the worlds.” 



Primeval Atom 2.0







© Hartle



© Hartle



CLASSICAL QUANTUM



• An expanding universe 

• with an early phase of inflation,

• emerging from a quantum origin, 

• with fluctuations initially in their ground state

• leading to an arrow of time. 
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• An expanding universe 

• with an early phase of inflation,

• emerging from a quantum origin, 

• with fluctuations initially in their ground state

• leading to an arrow of time. 

“By the path integral over compact metrics, one eliminates 

one of the two parts of physics, the boundary conditions. 

There ought to be something very special about the 

boundary conditions of the universe and what can be 

more special than that there no boundary.”

S.W. Hawking, Proc. Pontifical Academy, 1981© Hartle
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No-boundary measure No-boundary measure 2.0



• No data or few data D → low N saddle dominates

• Lots of data D  → large N saddle dominates

no-boundary measure 2.0

This distribution exhibits a Page-like transition:

[Hartle, Hawking, Hertog, 2011]



‘creation from nothing’

1983 2011

top- down view

no-boundary measure 2.0



HOLOGRAPHIC COSMOLOGY

Dual QFT



In holography [in AdS], what defines the theory are the boundary conditions. 

So maybe in our world what defines the theory is the question we are asking. 

Bad questions give zero.. all good questions have some answer..

J. Maldacena, Proceedings 25th Conseil Solvay, 2011
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[Hartle,TH; Maldacena;Harlow, Stanford; Anninos et al.;…]
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Dual QFT

Holographic no-boundary measure

[also: Maldacena;Harlow, Stanford]
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de Sitter entropy
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Conjecture:



• Leading term: matches Gibbons-Hawking entropy

• Subleading term: higher-derivative terms in sugra

• Log correction: matches one-loop determinant

de Sitter entropy: microscopics

[Bobev, Charles, Hristov, Reys ‘21]

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

[Bhattacharyya, Grassi, Marino, Sen] 
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“the splitting of the Atom can have occurred in many 

different ways”—Everett’s branching 

“there would be little interest to know their relative 

probabilities”— no typicality 

“Deductive cosmology cannot begin before the splitting 

has proceeded far enough” -- decohere

“Any information on the state of matter at this point must 

be inferred from the condition that the actual universe 

has been able to evolve from it”— top- down view



“If this suggestion is correct, the beginning of the world 

happened a little before the beginning of space and time.”

“These considerations, besides providing a natural 

beginning, supply what can be called an inaccessible 

beginning… it stands just before Physics. 

It is an inaccessible ground of Physics”, an epistemic limit.







• 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


