
Brout and Englert's vision on Lemaître's
primeval atom in today's fundamental physics

Thomas Hertog
BEL – Center



History of Modern Cosmology 

• Initial (1917 – 1927):    first models, lack observations 

• Development (1927 – 1939):   cosmic evolution

• Consolidation (1945 – 1965):  nucleosynthesis, microwave

background,…

• Acceptance (1965 – 1978):     big bang model triumphs 

over steady state theory

• Extension (1978 – 1998):        high-energy physics, early 

universe 

• Precision cosmology:            cosmological parameters to a 

few %, new observables 



G. Lemaître: From priest to astronomer

“A truly brilliant student, wonderfully quick and 
clear-sighted, and of great mathematical ability.”
(A. Eddington to T. De Donder, 1924)

• 1923 – 1924, University of Cambridge

• 1924 – 1925, Harvard College Observatory

attends AAS meeting in Dec 1924 where Russell 
announces `great spiral nebulae’ are other galaxies

proves linear distance – redshift relation in the empty 
universe of the Dutch astronomer Willem de Sitter

• 1923, seminary St Rombaut, Malines

• 1925, Catholic University of Louvain



1927: discovery expanding universe   



Einstein’s 
static universe

De Sitter’s 
empty universe

1927: discovery expanding universe   

“Hubble” law

H = 575 km/s/Mpc



• An evolving universe

• initially rapidly expanding

• with a cosmological constant 

• and a quantum origin

• that comes with relic radiation

Lemaître’s `hesitating’ universe 

“ λ is a bridge between Relativity and quantum physics.”



A Quantum Origin – primeval atom

“If we go back in the course of time …  the notions of space and time 
would altogether fail to have any meaning ... 

Clearly the initial quantum could not conceal in itself the whole course 
of evolution..   Instead from the same beginning widely different 
universe could have evolved.”

Nature, May ‘31





Brout and Englert’s quantum creation

“The singularity means the “big-bang” hypothesis of creation is more 
a confession of desperation and bewilderment than the outcome of 
logical argumentation rooted in the known (or even unknown!) laws of 
physics. It is our endeavor to repair this situation.”



• A quantum origin

• leading to `de Sitter’-like expansion

• simultaneously creating matter 
and spacetime, 

• transitioning into slow `free 
expansion’.

Brout and Englert’s quantum creation



[Brout, Englert, Gunzig, 1978] [Lemaître, 1933]



Brout and Englert’s homework questions:
• “What is the nature of the initial nucleation?... We must not make too 

many universes!  What is the criterion that selects this universe?"

How does inflation start?

• “What justifies the quantum coherence which we have appealed to? 
Our scalar field is a highly oversimplified representation of the 
elementary particle world..”

What drives inflation?

• “What is the physics at the interesting period around the inflection 
point? It must be around this period that hadrons as we know them are 
formed and then the stars.” 

How does inflation end?



Cosmic Background Radiation

1965



2.7 ± 0.00002 Kelvin

Cosmic Background Radiation

2010





Brout and Englert’s homework questions:
• “What is the nature of the nucleation?... We must not make too many 

universes!   What is the criterion that selects this universe?"

How does inflation start?

• “What justifies the quantum coherence which we have appealed to? 
Our scalar field is a highly oversimplified representation of the 
elementary particle world..”

What drives inflation?

• “What is the physics at the interesting period around the inflection 
point? It must be around this period that hadrons as we know them are 
formed and then the stars.” 

How does inflation end?
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BEL’s vision



1981, at the Vatican..



Time

No-Boundary `ground state’ Wave Function

Predicts inflation!

Lorentzian, inflating

(3g,�)

Quantum nucleation

 [3g,�] ⇠ exp[�IE(
3g,�)]

<latexit sha1_base64="HWF2+HwkQNpjov7+slf514tfqkU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUuigroriqC7CsYWkhgm00k7dPJgZiKW0G9w46+4caHi1p07/8ZpG0FbD1w4nHMv997jJ4wKaRhfWmFmdm5+obhYWlpeWV3T1zduRJxyTCwcs5i3fCQIoxGxJJWMtBJOUOgz0vR7Z0O/eUe4oHF0LfsJcUPUiWhAMZJK8vSq0xAU2rcHnV0n6VIXOoKG0CH3ib136Z1Xfoyq6+llo2aMAKeJmZMyyNHw9E+nHeM0JJHEDAlhm0Yi3QxxSTEjg5KTCpIg3EMdYisaoZAINxu9NIA7SmnDIOaqIglH6u+JDIVC9ENfdYZIdsWkNxT/8+xUBsduRqMklSTC40VByqCM4TAf2KacYMn6iiDMqboV4i7iCEuVYkmFYE6+PE2s/dpJzbg6LNdP8zSKYAtsgwowwRGogwvQABbA4AE8gRfwqj1qz9qb9j5uLWj5zCb4A+3jG3zKm6s=</latexit><latexit sha1_base64="HWF2+HwkQNpjov7+slf514tfqkU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUuigroriqC7CsYWkhgm00k7dPJgZiKW0G9w46+4caHi1p07/8ZpG0FbD1w4nHMv997jJ4wKaRhfWmFmdm5+obhYWlpeWV3T1zduRJxyTCwcs5i3fCQIoxGxJJWMtBJOUOgz0vR7Z0O/eUe4oHF0LfsJcUPUiWhAMZJK8vSq0xAU2rcHnV0n6VIXOoKG0CH3ib136Z1Xfoyq6+llo2aMAKeJmZMyyNHw9E+nHeM0JJHEDAlhm0Yi3QxxSTEjg5KTCpIg3EMdYisaoZAINxu9NIA7SmnDIOaqIglH6u+JDIVC9ENfdYZIdsWkNxT/8+xUBsduRqMklSTC40VByqCM4TAf2KacYMn6iiDMqboV4i7iCEuVYkmFYE6+PE2s/dpJzbg6LNdP8zSKYAtsgwowwRGogwvQABbA4AE8gRfwqj1qz9qb9j5uLWj5zCb4A+3jG3zKm6s=</latexit><latexit sha1_base64="HWF2+HwkQNpjov7+slf514tfqkU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUuigroriqC7CsYWkhgm00k7dPJgZiKW0G9w46+4caHi1p07/8ZpG0FbD1w4nHMv997jJ4wKaRhfWmFmdm5+obhYWlpeWV3T1zduRJxyTCwcs5i3fCQIoxGxJJWMtBJOUOgz0vR7Z0O/eUe4oHF0LfsJcUPUiWhAMZJK8vSq0xAU2rcHnV0n6VIXOoKG0CH3ib136Z1Xfoyq6+llo2aMAKeJmZMyyNHw9E+nHeM0JJHEDAlhm0Yi3QxxSTEjg5KTCpIg3EMdYisaoZAINxu9NIA7SmnDIOaqIglH6u+JDIVC9ENfdYZIdsWkNxT/8+xUBsduRqMklSTC40VByqCM4TAf2KacYMn6iiDMqboV4i7iCEuVYkmFYE6+PE2s/dpJzbg6LNdP8zSKYAtsgwowwRGogwvQABbA4AE8gRfwqj1qz9qb9j5uLWj5zCb4A+3jG3zKm6s=</latexit>

[Hartle & Hawking, 1983]



Too many universes!



AdS Gravity

Particle theory

Holography [Maldacena 1997; Witten 1998]



Lorentzian, inflating

Quantum nucleation

A holographic Origin

(3g,�)
t

[Hartle, Hawking, TH, 2014]

 [3g,�] ⇠ exp[�IE(
3g,�)]
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Lorentzian, inflating

Euclidean dual field theory 

(3g,�)
t

[Hawking & TH, JHEP 2018]A holographic Origin

ZQFT [
3g̃, �̃] !   ⇤
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Brout and Englert's vision on Lemaître's
primeval atom is alive and well

Thank you!
BEL – Center


