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Le dernier travail de Stephen HAWKING
OuU une mise en perspective scientifique a travers
plusieurs mois de mai (de mai 1979 au mai 2018)

1. Uinflation . 2 Llinflation « éternelle »: I’évolution
du concept et son contexte : 3. Les Multivers et leur
contexte : 4: Fractalité, self-similarité, universalité,
univers, multivers.

1. Inflation: Gravitation semiclassique, non
speculative.

2. Inflation « éternelle »: spéculative. Non éternelle.

3. Multivers: « Naturel » dans Cosmologie Quantique
actuelle et dévéloppements récents.




Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years




THE ENERGY SCALE OF INFLATION IS THE

THE SCALE OF GRAVITY INITS SEMICLASSICAL
REGIME

(OR THE SEMICLASSICAL GRAVITY
TEMPERATURE)

(EQUIVALENT TO THE HAWKING TEMPERATURE)

The CMB allows to observe It
(while Is not possible to observe for Black Holes)



The Universe Today is Essentially Empty
Inter galactic distances ~ Mpc. (pc = 3.0857 x 10'3 kms.)

Galaxy sizes ~ 0.0001 — 0.1 Mpc. (pc = 3.262 light years.)

99.9 % of the universe volume is the intergalactic space
with an average energy density of 5 proton masses per m?
(cosmological constant).

Galaxy masses: 10° — 10* M., from dwarf compact
galaxies to (diluted) big galaxies spirals.

Galaxy density:
~ 4000 — 40000 proton masses per m? for big galaxies.

~ 4 x 109 proton masses per m? for small compact galaxies.

For comparison: air density at the atmospheric pressure
and 0° C ~ 3.9 x 10?° proton masses per m?.



De Sitter Geometry and Scale Invariance

The De Sitter metric is scale invariant:
ds® = [H E [(dn) (di")g} .

n = conformal time.

But inflation only lasts for N efolds !

Corrections to scale invariance:

ins — 1| as well as the ratio » are of order ~ 1/N,

ns =1 and r =0 correspond to a critical point.

It Is a gaussian fixed point around which the inflation model
hovers in the renormalization group (RG) sense with an
almost scale invariant spectrum during the slow roll stage.
The quartic coupling:

\ = Gu ( M )d N = log a(inflation end)

N\ Mp alhorizon exit)

runs like in four dimensional RG in flat euclidean space.
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THE PRIMORDIAL COSMIC BANANA

The tensor to scalar ratio r (primordial gravitons) versus the

scalar spectral index n_s. The amount of r is always non zero
H.J. de Vega, C. Destri, N.G. Sanchez, Annals Phys 326, 578(2011)
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From WMAP9 to Planck

Understanding the direction in which data are pointing:

e PREDICTIONS for Planck
e Standard Model of the Universe

e Standard Single field Inflation
* NO RUNNING of the Primordial Spectral Index

* NO Primordial NON GAUSSIANITY



Effective Theory of Inflation (ETI) confirmed by Planck

Quantity ETI Prediction Planck 2013

Spectral index 1 —n, | order 1/N = 0.02 0.04

Running dn/dink | order 1/N? = 0.0004 < 0.01
Non-Gaussianity fyy; | order 1/N = 0.02 <6

ETI + WMAP+LSS

tensor/scalar ratio r r>0.02 < 0.11 see BICEP

inflaton potential

curvature V"(0) V"(0) <0 V"(0) <0

ETI + WMAP+LSS means the MCMC analysis combining
the ETI with WMAP and LSS data. Such analysis calls for
an inflaton potential with negative curvature at horizon
exit. The double well potential is favoured (new inflation).
D. Boyanovsky, C. Destri, H. J. de Vega, N. G. Sanchez,
arXiv:0901.0549, [UMPA 24, 3669-3864 (2009).



Two key observable numbers :
associated to the primordial density and
primordial gravitons :

PREDICTIONS
ns =0.9608, r.0.04
r>0.021
DdS: Destri, de Vega, Sanchez & from WMAP data
(PRD 2008)

PlanckBICEP2Keck 2015: r <0.08



de Vega, Sanchez et al

LETTERS TO NATURE
(1995)
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5h30mO0s 4h57mO0s 4h24mO0s 3h51mOs 4h48mOs 4h32mo0s

This self-similar structure is confirmed by compilations of

many different observations at widely different scales
revealing the fractal structure of the ISM



HIERARCHICAL STRUCTURE OF ISM & STAR FORMATION

Publications of the Astronomical Society of the Pacific, July 2018, Gouliermis

WISE (3.4 um, 4.6 um, 12 um, 22 um) Spitzer/IRAC (3.6 um, 5.8 um, 8 um) LBT/Lucifer (J, H, K)

100 pc 10 pc 1 pc

1.56°

Hierarchy in the general area of the Galactic W3/W4/WS5 cloud complex.
Left: the gaseous structures W4 and W5 (the heart and soul nebulae) in the NASA/WISE
infrared image, covering at 100 pc scale the general region of the OB association Cas OB6.
Middle: the giant star-forming region W3, which is part of the W4 complex, at 10 pc scale in
the NASA/Spitzer image. The star-burst of W3 Main, is the most active part of W3.
Right: the star-forming cluster of W3 Main is resolved in near-IR images

from LBT/Luci at 1 pc scale.
WISE image: NASA/JPL-Caltech/WISE Team. Spitzer




THE FRACTAL STRUCTURE OF THE ISM




FRACTAL STRUCTURE IN LSS

Large Scale Structure
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Great Wall

Southern Wall
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South Slice

Superclusters
= clusters of
clusters of
galaxies

Superclusters
appear aligned
along walls and
filaments.

Vast regions of
space are
completely empty:

“voids”




The Cosmic Web
Large Scale  PENSSCEEENSSEEE S
Structure: A
Like Soap Bubbles
Empty Voids

~30Mpec.

Galaxies are in
1. Walls between
voids.

2. Filaments where
walls intersect.

3. Clusters where
filaments intersect.
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For a fractal medium, the mass depends on the size

as
M(r) o< rP

D being the fractal (Haussdorf) dimension.
The conditional density behaves as
[(r) o< rP-3

This is exactly the statistical analysis used for the interstellar
clouds, without adopting from the start any large-scale
homogeneity assumption.

SENERY @HMPHON: M =cRo

C: constant,and D=1.9-2.2



THE FRACTAL STRUCTURE OF TREES




THE LEONARDO DA VINCI FRACTAL TREE

Dessin extrait d'un des carnets de Léonard de Vinci illustrant sa
découverte de la loi mathématique gouvernant les diametres
des branches d'un arbre.



PRL 107, 258100 (200013 PHY S1CAL

REVIEW LETTERS

o
I IECEMBER 2001

Leonardo’s Rule, Self-Similarity. and Wind-Indoced Stresses in Trees

Christophe Elay®
Depanmen of Mechanical and Aemspace Eogineedng, Daiversiy of Calfmia San Diego,
SN Cridman Dve, La Jolla Califormia SARE0TT, LSA
(Recemved 12 May 201 I; published 12 December 2000}

Examining bomniml mees, Loomando da Vinci noted dat thetotal oross section of branches s comsenved

acroes branching nodes. In this Lemor, @ & proposed ghat dhis male is a comequence of e mee skadewn
faving a selfsimilar socture and e branch diametars being ad josed o resise wind-incaced loads.
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Leonardo da Vinci observed in his nodebooks that “all
thee bramches of @ tree @l every staps of ils height when pat
wepether are equal in thickness 1o the trunk” [ 1), which
s that when a mother branch of dizmeter d splis inoe
W danghier branches of disameters o the followmg relation
halds on averags

N
S )
d=

where the Leonardo exponentis A — 2. Surprisingly, thene
have been few smaesanmentds of thi rale, bot the available
dat indicate that the Leomardo exponent 15 in the inter val
L& = A == 2.3 fora birge number of species | 2—-4). In Fact,
Leomarndo's rule # so natural o the eye that it 18 routine ly
wed  in coampuier-generated  trees (5] Yel, allemative
smalyaes of the bramching goometry have been progpaosed
tased on smalegies with fver networks, bronchial e,
amd arerial inzes [ &)

Twor different models have been jroposed 1o explain
Leorardo's role: the pagre msdel [ 7], which assomes that
e are a oollection of demical vaseular vesels connect-
g the leves o the roois, and the principle of efasbe
aprikoriy [8.9), which poiubies thet the deflection of
b amohes under their wedght 18 proportion] i teir kengh.
However, none of these explinations soe convincing. The
firat b ase the paortion of @ bramch onoss soction devioied
e vamcubar wamspont (i, the sapwodod § ooy be as low as
S dn mveslure Deees and ilseems thoes dobioos et the whole
e amchileciune B poverned by hydraulic constrainis. The
sroond becauss the posubne berhind elamie sonibriy =&
amtificial, hard 10 rebe o any sdaptive advamape, and,
furthe amoge, 1 seems unlikely that e can respond o
b anch de flections.

In thizs Letier sm aliermtive explanation 18 offened:
Leomarndo's rule i3 & consequencs of trees being desidened
b neaisl wind-inducsd siresses. Planis ane knosn o ne-
sgeindd b dynannic loading for a long thne, a phénoamsndon
called thigmomosphogenesis [ 10,1 1], In that hne of think-
g, Melzger [12] progosed in the 19t century  the
ormlani-aress model. This model sistes thar the tronk
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memain consamt aleng the wunk length, The constam-
stresd apdedel has been shown W agns: with obssratons
[13]. however, 1B dmplcation on e whole branching
amchitectune has nod yel been addressed (encept in the
recnl atudy of Loges e al [14])L The other ingeosiami
poimi 1% thal conglaml stress wight nod b the best design
sinc i wnplics that breabaee 15 mone likely 1o oocur i the
wunk or in large bramches whens the presence of defizcis is
e pradhahle.

Ty sl e this problen, two equivalent smalytcal mod-
@ls ame firat considered: one discrete, the fractal model, and
one oonlinuocus, the beam model, mapired from Mobdahon
amid Eorormuer 8], with the difference that wind losds amne
congdered ingead of the weight

The fractal model [Fig. 1a))] 15 construcied such that

b _ glin dy
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where §) smd o) awe the length smd dismeter of a beamch an
ramk & (with 1| =& = K), & & the number of daughier
bramches @i each branching node, A i3 Leomndo expanent,
amd {2 ois ihe fractal (HawdorfTy dimenzion of the inee
skeketon [2). Hens, the inze skeleton i3 supposed to be
sz lf-gimilar such thai £ 2 uniform within the siruciore,
bit & com cdepend on £

The fractl dimension £ e never been messunsd di-
rectly om meal rees. However, the fractal dimension of the
fioliage surfac: hat been measuned o e omothe ineral
A2 My =28 15) amd, except For very particular ar-
chicnzd, it cam b shown thatr O — Oy, o As already

FI:. | jcolor online).  Two amlwvical modekk: (a} The fracal
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A smooth exit from eternal inflation?

S.W. Hawking® and Thomas Hertog

TOAMTE, CMS,
Witterforme Mocd, CHY OWA Cambridge, [LR

4 fnstitute for Theoreticad Phymics, Dniversity of Lewoen,
Crirstinenioom $00, 3002 Lenven, el gion

Eomadl: 5.W. HavkingBdamtp. cam. ac.uk, Thomas. Hert oplkuleuven ., be

AgiTracT: The wsual tleory of inflation breaks down o etersal inflation. We derive a
dual description of etersal nflation in terms of a deformed Eunclidean CFT located at tle
threshok]l of eternal inflation. The partition fosetion gives tlhe amplitide of diffeven ge
aietries of tee tlhieslold surface in the no-bomdary state, Tis loeal amd glolal belsavior
i dual toy medels gl s that the amplitude is low for surfaces wlich ave ot pearly cone-
formal to the rommd three-spleme and essentially zero for surfaces with negative curvature.
Based on this we conjecture that the exit from eternal inflation does pot produce an infinite
fractaklike multiverse, bt iz Auite awd reascnalbly smeotls,

Kevworps: Ad5S-COFT Corvespondence, Gange-gravity correspondeice, Maodels of Chan-
tum Gravity, Spacetime Singulavities

ArRXv EPRinT: 1TOT.TTZ



Les Multivers, le dernier héritage de Stephen Hawking...

[Les développements scientifiques incorporent des nouveaux concepts
et langage, ou attribuent des nouveaux contenus a des mots existants .
Ce qui est percu a un moment donné comme "difficile" ou non habituel,
devient par la suite "standard" et incorporé a la pensée "habituel" par
l'usage de ces mots dans les communications courantes....]

Avec le dernier article de Hawking paru en mai 2018 je mets en
perspective et fais une intégration scientifique de divers domaines de
recherche dans lesquels j'ai activement travaillé avec les théories
physiques classiques et quantiques, la théorie des cordes, l'inflation, la
fractalité de (et dans) I' Univers et des multivers que j' incorpore dans
une nouvelle approche dans mes travaux en cours....



Quantum Multiverses, arXiv:1801.08631

James B. Hartle (Univ California Santa Barbara, Jan 2018

A quantum theory of the universe consists of a theory of its quantum
dynamics and a theory of its qguantum state
The theory predicts quantum multiverses

Quantum multiverses are not a choice or an assumption but are
consequences of the theory

Quantum multiverses are generic for simple theories

We argue that the quantum multiverses of the universe are scientific, real,
testable, falsifiable, and similar to those in other areas of science even if
they are not directly observable on arbitrarily large scales.

Are quantum multiverses scientific. Yes, in the author’s opinion: As sketched above,
in many areas of science one finds multiverses of the kind of an ensemble of possible
situations only one of which is observed by us









