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ACADEMIE EUROPEENNE INTERDISCIPLINAIRE DES
SCIENCES
Maison des Sciences de ’Homme, Paris.

Séance du
Mardi 11 janvier 2011

Ministére de I’Enseignement Supérieur et de la Recherche (MESR) a 18 h.

La séance est ouverte a 18 h. 00 sous la Présidence de Victor MASTRANGELDO et en la présence
de nos collégues Gilbert BELAUBRE, Michel BERREBY, Bruno BLONDEL, Claude ELBAZ , Jean
-Pierre FRANCOISE, Michel GONDRAN, Iréne HERPE-LITWIN, Marie-Louise LABAT, Valérie
LEFEVRE-SEGUIN, Gérard LEVY.

Etaient excusés Francois BEGON, Alain CARDON, Gilles COHEN-TANNOUDJI, Brigitte
DEBUIRE, , Frangoise DUTHEIL, Walter GONZALEZ , Saadi LAHLOU, Jacques LEVY Pierre
MARCHAIS , Pierre PESQUIES, Alain STAHL.

Tout d’abord le Bureau et tous les membres de 1’AEIS Paris tiennent a remercier notre Collegue
Valérie LEFEVRE-SEGUIN qui travaille elle-méme au Ministére de 1’Enseignement Supérieur et de la
Recherche de nous avoir aidés a trouver ce lieu d’accueil si bien situé.

L’Ordre du jour appelle ensuite la présentation par le Pr Christophe SIBERTIN-BLANC de
I’Université de Toulouse 1 de sa conférence intitulée: "Des résultats de simulations a des connaissance en
sciences sociales"

Christophe SIBERTIN-BLANC est professeur a 1’Université Toulousel —Capitole et il travaille a
PIRIT (Institut de Recherche en Informatique de Toulouse) dans I’équipe des Systemes Multiagents
Coopératifs . Ses recherches concernent plus particulierement_la_modélisation des organisations sociales
fondée sur les travaux de Crozier et Friedberg *(1977). Il méne une recherche transdisciplinaire avec des
sociologues du LEREPS/CIREPS en vue de formaliser cette théorie. La sociologie, et plus particuliérement
la Sociologie de I'Action Organisée, est une source de métaphores particulierement pertinente et bien fondée
pour proposer des modéles de coordination et d'organisation dans les SMA (Systemes Multi Agents) en
utilisant les réseaux de Petri.

La problématique de la conférence du Pr SIBERTIN-BLANC peut-étre résumée comme suit (le
document en anglais qu’il nous a confié a été traduit):

! Crozier M., Friedberg E., L’acteur et le systéme. Contraintes de 1’action collective, Paris, Seuil, 1977.



""Des resultats de simulations a des connaissance en sciences sociales""
(From Simulation Outputs to Scientific Knowledge in Social Sciences)

Considérer la simulation en Sciences Sociales comme « une troisieme voie de pensée scientifique en
opposition avec I’induction, comme avec la déduction » (AXELROD 1997) génére un questionnement
autant sur les moyens de produire ainsi une connaissance scientifique que sur la validité des connaissances
qui en résultent. Ces questions continuent & étre débattues au sein de la communauté des chercheurs en
sciences sociales comme en témoigne I’accumulation d’articles sur des sujets tels que la méthodologie a
suivre pour simuler la nature véritable de la simulation sociale, le caractere épistémique des résultats ou leur
validite.

Pour savoir si les objets étudiés par la simulation sociale sont des programmes d’ordinateur, nous
devrions nous attaquer a une science expérimentale appartenant au domaine de la science des systemes
complexes. Mais I’aphorisme d’AXELROD 2 suppose que ces programmes d’ordinateur ne sont pas
considérés comme des objets autoréférentiels isolés mais comme des constructions symboliques qui se
réferent a quelques phénomenes issus de la réalité sociale. Le probléeme consiste donc a déterminer
jusqu’ou la connaissance de premier ordre produite par I’étude des passages d’un programme sur ordinateur
permet aussi de produire une connaissance de second ordre relative a la réalité sociale a laquelle on se
réfere.

Conformément a une épistémologie empirique, le caractére scientifique d’un résultat et 1’évaluation
de sa qualité repose principalement sur le processus mis en ceuvre pour obtenir ce résultat et la possibilité
de le réobtenir par un processus similaire (ou non). Mais, ce qui est requis pour produire une connaissance
valable de second ordre est plus contraignant : il s’agit de bien définir le processus scientifique dans sa
totalité.

En poursuivant cet axe de pensée, nous proposons un cadre de processus capable d’identifier des
constructions abstraites appartenant a des connaissances a caractéres divers et qui sont mises en ceuvre dans
les simulations a base d’agents en sciences sociales en coordination avec les activités €pistémiques capables
de relier ces constructions. Ce cadre se construit tout en restant en retrait du processus concret suivi au
cours d’un projet mené en collaboration par des sociologues et des informaticiens relatif a la formalisation
d’une des théories des organisations sociales, la sociologie de I’action organisée , aussi connue sous le nom
d’analyse stratégique , réalisée par M. CROZIER et E.FRIEDBERG * (Crozier 1964, Crozier et Friedberg
1980, Friedberg 1997).

Tout modele est baseé sur la représentation qu’a le modélisateur du sujet étudié. Le plus souvent,
cette représentation est plus ou moins implicite, de sorte que la généralité des résultats fournis par I’étude du
modele est problématique puisqu’ils reposent sur des concepts et des hypothéses non fixées. Ici, nous
considérons des cas ou la représentation sous-jacente du modélisateur est explicite et peut étre considéree
comme une théorie , et méme une théorie bien établie dans le cas du projet cité ci-dessus.

> AXELROD R. (1997) Advancing the Art of Simulation in the Social Sciences, In Simulating Social Phenomena, R.
Conte, R. Hegselmann and P. Terna (Eds), Springler-Verlag, Lecture Notes in Economics and Mathematical System, p. 21-40.

3Crozier M., Le phénoméne bureaucratique. Essai sur les tendances bureaucratiques des systémes d’organisation modernes et sur
leurs relations en France avec le systeme social et culturel, Paris, Seuil, 1963.

Crozier M., Friedberg E., L acteur et le systéeme. Contraintes de 1’action collective, Paris, Seuil, 1977.

Friedberg E., Le Pouvoir et la Régle. Dynamiques de 1’action organisée, Paris, Seuil, 1993.
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De par son origine, ce cadre s’applique aux recherches a base de simulation qui tombent dans le
champ de la recherche de ce qui est caractéristique , c’est-a-dire les recherches ayant trait a une classe
spécifique de phénomenes empiriques qui ont quelques traits en commun et qui font partie des objectifs
d’une théorie en sciences sociales . Nous montrons dans la conclusion comment ce cadre s’applique aussi a
’utilisation de modeles de simulation ad-hoc pour contribuer a 1’élaboration de nouvelles théories en
sciences sociales.

Par ailleurs nos lecteurs peuvent se référer a la copie de I’ensemble de ses transparents située dans

les documents en page 23 ainsi qu’a une présentation réalisée le 5 janvier 2010a Marseille a la journée
Capricorne sur « La dimension sociale d’'un systeme d’action » en page 31.

Apres ce riche exposeé et de nombreuses questions, la séance prend fin.
Bien amicalement a vous,

Iréne HERPE-LITWIN



Comptes-rendus de la section
Nice-Cote d’Azur

Au lieu de se donner la peine de rechercher la vérité, on

préfere généralement adopter des idées toutes faites.
Thucydide.

Compte rendu de la séance du 16 décembre 2010
(143°™ séance)

Présents :

Sonia Chakhoff, Patrice Crossa-Raynaud, Francois Cuzin, Guy Darcourt, René Dars,
Maurice Papo.

EXCuUsés :

Richard Beaud, René Blanchet, Jean-Pierre Delmont, Jean-Paul Goux, Yves Ignazi,
Michel Lazdunski, Jacques Lebraty, Jean-Francois Mattéi.

1-  Approbation du compte rendu de la 142°™ séance.

Le compte rendu est approuvé a I’unanimité des présents.

2- Assemblée générale ordinaire.

L’assemblée, apres avoir pris connaissance

- du rapport d’activité présenté par le Secrétaire Général, Patrice Crossa-Raynaud,
- du rapport financier présenté par la Trésoriére, Sonia Chakhoff,
- du rapport moral présenté par le Président, René Dars,

donne son approbation a 1’'unanimité.

Les membres du burecau sont également reconduits a 1’unanimité pour 1’année 2011.

3- Les conférences scientifiques de Nice.

» Une troisieme conférence a été donnée au MAMAC le 15 décembre 2010 par notre confrére Frangois
Cuzin sur « La diversité et le génome » en présence d’un public assez nombreux. Un large débat a suivi.

» 1l convient d’établir le programme des conférences du 1% trimestre 2011 qui auront lieu le 26 janvier, le
23 février et le 23 mars au MAMAC.

» Nous avons poursuivi notre réflexion sur la maniére de mieux nous faire connaitre et sur I’accessibilité a
notre site Internet.
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Notre confrére Maurice Papo a accepté de mettre a notre disposition ses compétences incomparables pour
faciliter I’accés a notre site Internet de la Mairie de Nice en créant des liens permettant de le trouver
facilement.

Notre siege parisien a bien joué le jeu rapidement sur son nouveau site car une rubrique « Nice » a été créée
et un lien y figure qui renvoie directement sur notre page de la Mairie de Nice.

Compte-tenu de cette réaction positive, il serait peut-étre plus commode d’utiliser le site parisien et cette
rubrique pour y insérer non pas un seul, mais plusieurs liens pour nos différentes conférences et documents.

Nous devons discuter de ces modalités d’abord entre nous et ensuite avec nos amis parisiens.

D’autres pistes ont été évoquées, outre I’Université de Nice, I’Université Inter-age et le Colloque de Mouans
Sartoux.

Cela nous permettrait de créer un carnet d’adresses auxquelles nous ferions parvenir une affiche annongant
nos conférences.

*O0kOkOkOkOkOkOkOKkOkOkOkOkOKXkOkOkOkOkOKkOkOkOkOkOKkOkOkOkOkOKkOkOkOkOkOXkOkOkOkOKkO¥OkOkOkO%kO0O%xO0%xkO0%kO0%kO0%

Prochaine réunion
le jeudi 20 janvier 2011 a 17 heures
au siege : Palais Marie Christine - 20 rue de France
06000 NICE

*O0kOkOkOkOkOkOkOkOkOkOkOkOKkOKkOkOkOkOKkOkOkOkOkOKkOkOkOkOkOKxkOkOkOkOkOkOkOkOkOkOkOkOkOkO0O%xk0%xkO0%xkO0%k0%k0%

Prochaine conférence au MAMAC
le mercredi 26 janvier 2011 de 16 a 18 heures
« La diversité du monde minéral : de [’atome au cristal »
par Raoul Caruba




Annonces

I) Rappel du séminaire de Claudine COHEN de ’EHESS :

BIOLOGIE ET SOCIETE
Séminaire 2010-2011

sous la direction de

Henri ATLAN et Claudine COHEN
MODELISER LA COMPLEXITE EN BIOLOGIE

Lundi 13 fevrier 2007 de 13 ha15h

M. Benoit RITTAUD (Université Paris XI11)

« La modélisation des changements climatiques :
Réflexions sur quelques aspects des débats actuels »

Lundi 13 mars 2011 de 13ha 15h
M. Vincent COURTILLOT (Paris VII-Diderot)

« Le role des extinctions en masse dans I'évolution des especes: catastrophes et émergences »

Lundi avril 2011 de 13h a15h
M. Jacques DEMONGEOT (CNRS)
« La robustesse des modéles pour les réseaux de régulation biologique »

Lundi 9 mai 2011de13hal5h
Mme Soraya de CHADAREVIAN (UCLA)
« Biologie et société :

Perspectives historiques et philosophiques »

Toutes les séances du Séminaire auront lieu de 13 h a 15h,
A I’EHESS, Salle M. et D. Lombard, 96 bd Raspail, 75006 Paris -

Les exposes dureront une heure et quart environ, afin de laisser une large place a la discussion.




Dans le cadre des rencontres d’Hippocrate, le Pr. Patrick Berche, doyen de la faculté de médecine Paris
Descartes et le Pr. Christian Hervé, chargé de la mission « relations médecins/patient/familles » ont le plaisir de
vous convier a une nouvelle édition des « Rencontres d’Hippocrate » de la faculté de médecine Paris Descartes :

« Vivre le don d’organes avec ses croyances »

Une table ronde avec :

- Grand Rabbin Haim KORSIA (aumonier général israélite des Armeées)

- Imam Said Ali KOUSSAY (aumdnier musulman - CHU Avicenne)

- Mme Doriane VILLORDIN (aumbdnerie-catholique - GHU Cochin)

- Mme Joséphine COSSAR T (coordination de prélevements-d’organes et de tissus - GHU Cochin)
- Pr. Sadek BELOUCIF (agence de la Biomédecine)

- Pr. Denis SAFRAN (Hépital Européen Georges-Pompidou)

- Pr Laurent SA LOMON (CHU -Henri Mondor)

- des patients transplantés et des proches de donneurs

Le lundi 14 février 2011, a 18h

Faculté de médecine Paris Descartes - amphithéatre Richet
15 rue de I’école de médecine - Paris 6e (M° Odéon)

Les dons et greffes d’organes sont régis par la loi de bioéthique de 1994, révisee en 2004 et actuellement
réactualisée. Au dela des notions légales et réglementaires se posent les pratiques en termes d’humanité,
d’annonce et d’écoute, voire de partage de sentiments. Ces situations sont difficiles et manquent souvent
d’explications. Les référents culturels et religieux sont alors majeurs pour éclairer les personnes
interpellées dans ces situations humainement trés complexes. Cette table ronde a pour objectif de mettre en
scene les acteurs qui sont impliqués et notamment ceux qui peuvent au mieux expliciter le sens des textes et
rites souvent invoqués par les familles dans leurs réflexions..

Renseignements :
christian.herve@parisdescartes.fr / www.medecine.parisdescartes.fr
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Documents

Pour préparer sa conférence « Une nouvelle révolution scientifique a I’horizon ? »Gilles
COHEN-TANNOUDJI nous a communiqué un article en anglais issu de sa communication a la
conférence « I’Univers invisible » qui s’est tenue a Paris entre le 27 juin et le 13 juillet 2009 :

p.11: « A new scientific revolution at the horizon ? » transmis par Gilles COHEN-TANNOUDJI en
vue de sa conférence.

Pour illustrer sa conférence, le Pr SIBERTIN-BLANC nous a communiqué ses transparents que nous
vous communiquons sous forme de tableau:

P.23 «La production de résultats fondés ensciences sociales a partir de simulations » Ensemble des
transparents de la conférence.

P. 31 la présentation du 5 janvier & la journée Capricorne de Marseille de « La dimension sociale d’un
systeme d’action »
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A New Scientific Revolution at the Horizon?*
Gilles Cohen-Tannoudji* et Sylvain Hudlet**

*Laboratoire de Recherche sur les Sciences de la Matiére (LARSIM) CEA-Saclay, F91191 Gif sur Yvette Cedex
**Université de Technologie de Troyes, Département Matériaux, 12, rue Marie Curie, BP 2060, 10010 Troyes Cedex

Une nouvelle Révolution scientifique a ’Horizon?
Auteurs : Gilles Cohen-Tannoudji, Sylvain Hudlet

Résumé En ce début de 21éme siécle, la situation de la physique n'est pas sans analogie avec celle qui prévalaitil y a
une centaine d'années, a I’orée de la double révolution scientifique de la relativité et des quanta : d’une part, les
progrés récents de la cosmologie observationnelle font penser qu'a été découverte une nouvelle constante universelle,
peut-&tre aussi fondamentale que la vitesse de la lumiere ou la constante de Planck : la constante cosmologique, qui
pourrait expliquer 1’accélération de I’expansion de 'univers, et d’autre part, tout comme les efforts de Planck et
Einstein pour réconcilier la thermodynamique et la théorie électromagnétique de la lumiére ont débouché sur la mise
en chantier de la physique quantique, la découverte inattendue de liens entre la thermodynamique et la relativité
générale a fait entrevoir de nouveaux concepts, peut-étre annonciateurs d’une nouvelle révolution scientifique, comme
celui d’holographie et permis d'envisager une « route thermodynamique vers la cosmologie quantique. »

Nous discuterons les implications possibles de ces développements observationnels et théoriques.

Abstract At this beginning of the 21st century, the situation of physics is not without analogy with that which
prevailed a hundred years ago, with the outset of the double scientific revolution of relativity and quanta. On the one
hand, recent progress of observational cosmology makes think that one has discovered a new universal constant,
perhaps as fundamental as the velocity of light or the Planck's constant, the cosmological constant, which could
explain the acceleration of the expansion of the universe. On the other hand, just like the efforts of Planck and
Einstein to reconcile thermodynamics and the electromagnetic theory of light led to the operational beginning of
guantum physics, the unexpected discovery of bonds between thermodynamics and general relativity makes to foresee
new concepts, perhaps heralding a new scientific revolution, like that of holography and leads to consider a
"thermodynamic route towards quantum cosmology.” We will discuss the possible implications of these observational
and theoretical developments.

Comment: The present article is an English translation of the talk given by G. G-T at the conference L 'Univers
invisible held in Paris (June 27th - July 13th 2009) to be published in the proceedings (Hermann editor).

1/ Introduction

In these same places, four years ago, we celebrated the centennial of the miraculous year of Einstein during
which he gave the starting point of the scientific revolution of the 20th century. Today, we celebrate the four
hundredth anniversary of the use by Galileo of his telescope which, also, marks the starting point of a scientific
revolution, the one which saw being born then developing modern science, since the theory of the universal
gravitation by Newton until the apogee of classical physics at the end of the 19th century. Whereas the scientific
revolution of the 20th century leads to an apogee comparable with that of classical physics, the progress achieved by
observational cosmology and very lively theoretical developments seem to suggest that a new scientific revolution
appears at the horizon. It is what we will try to explain in this conference.

At the end of the 19th century, the apogee of classical physics consisted of three theories which
concretized significant syntheses or unifications and which made it possible to model in a satisfactory way
the whole of the then observable phenomena: the electromagnetic theory of light by Faraday, Maxwell and
Hertz which unified the electric, magnetic and optical phenomena, the theory of universal gravitation by
Galileo and Newton which unified terrestrial mechanics and celestial mechanics and the conjunction of
analytical mechanics by Lagrange and Hamilton, of the kinetic theory of matter and statistical
thermodynamics by Maxwell and Boltzmann leading to the unification of rational mechanics with the
atomistic conception of ancient Greek philosophers.

The overall structure of the theoretical framework of classical physics is maintained in the physics of the 20th
century. This framework now includes three theories taking each one into account a couple of dimensioned universal
constants which prolong the theories of the framework of classical physics: quantum field theory (constants A and c)

* Gilles Cohen-Tannoudji, Sylvain Hudlet; A New Scientific Revolution at the Horizon?,2011,
arxiv:1101.1216v1 [physics.hist-ph], Cornell University Library



http://arxiv.org/find/physics/1/au:+Cohen_Tannoudji_G/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Hudlet_S/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Cohen_Tannoudji_G/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Hudlet_S/0/1/0/all/0/1
http://arxiv.org/abs/1101.1216v1
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which prolongs the electromagnetic theory of light and is used as a basis for the standard model of the physics of
particles and their non-gravitational fundamental interactions, the general theory of relativity (constants G and c)
which prolongs the theory of universal gravitation by Newton and is used as a basis for the standard cosmological
model, and quantum statistics (constants A and k) which prolongs analytical mechanics and statistical
thermodynamics and which is used as a basis for the phenomenological consolidation of the standard models of
particle physics and cosmology.

Which elements of comparison do exist between the pre-revolutionary situation of the end of the
19th century and today? Lord Kelvin (William Thomson), analyzing in 1900 the field of investigation of
physics, announced that it was about to be completed except for two "small clouds”, of which he thought
that they would require only some adjustments to be reabsorbed. It was about the failure of the detection of
the earthmoving in ether (experiment of Michelson and Morley) and of the absence of theoretical
explanation to the observed black body spectrum. The resolution of the first difficulty thus gave place to the
special theory of relativity and then to the general theory of relativity and that of the second one led to
guantum physics.

Nowadays, it is regularly written that contemporary physics, despite of several attempts still fails
establishing a theory which would contain at the same time general relativity and quantum physics. Is it in
addition possible to reinstate in physics the recent projections of observational cosmology? Will that make it
possible to reach a unified comprehension of physics? We will see that there seem today to emerge some
completely new approaches of these questions, some having been proposed very recently. If they have as a
common point, with the resolutions of the questions raised by Lord Kelvin, to call into question the idea of
space and to include statistical thermodynamics, they especially have the advantage of showing in what
these two questions are dependent.

2/ Quantum field theory and the standard model of particle physics

2.1 Quantum field theory

Quantum field theory (QFT) carries out the marriage of special relativity (taking into account c) and
quantum mechanics (taking into account /). Due to the weakness of the gravitational interaction at
experimentally accessible energies, it postpones the marriage of quantum mechanics and general relativity.

The constants ¢ and / translate fundamental limitation principles which are obeyed by QFT. The
vacuum speed of light c is the universal constant translating, always and everywhere, the impossibility of
instantaneous action at a distance. The existence of an elementary quantum of action /Z excludes any
subdivision of individual quantum processes, which must be neither treated, individually, as predictable or
reproducible events. For these two principles to be obeyed, the quantum fields are:

- Relativistic fields, i.e. defined at each point of the Minkowski space-time

- Quantum fields, i.e. fields of operators acting in a Hilbert space and causing events of

emission or absorption of energy quanta

- Energy quanta are particles or antiparticles (a feature that solves the problem of negative

energies).

- Interactions are described by means of local couplings, i.e. products of fields evaluated at the

same point of space-time

- The vacuum is the fundamental or ground state of the system of quantum fields in which the

number of energy quanta is null, but where the quantum fields are affected by quantum fluctuations

(for example the formation followed by the annihilation of a particle-antiparticle pair).

The locality of the interaction couplings induces a singularity in QFT: the integrals from which one
obtains the transition amplitudes are divergent. It is the theory of renormalization which makes it possible to
overcome this difficulty: a theory is known as renormalisable if all observable physical quantities can be
expressed without infinity in terms of parameters that depend on energy, that are redefined (it is said
"renormalized”) by the interaction. A renormalisable theory is predictive: the parameters on which it
depends are in a finite number and they can be determined experimentally, but it is not "fundamental”, since
the value of the parameters depends on the resolution (i.e. on the available energy). This theory is effective
because the dependence in energy of the parameters is predictable, thanks to the of the renormalization
group equations (RGE).

2.2 The standard model of particle physics

The standard model of particle physics is the result of the application of QFT to the nongravitational

fundamental interactions, namely the electromagnetic interaction and the strong and weak nuclear interactions.
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The quantum and relativistic theory of the electromagnetic interaction, known as Quantum Electro-
Dynamics (QED) was, at the end of the Forties, the first stage of the construction of the standard model. It is
a theory in which the effects of the quantum corrections are calculable (because the theory is
renormalisable) and measurable in atomic physics at low energy. The agreement between the theoretical
predictions and the experimental data exceeded all the hopes, so that this theory was used as a model for the
development of the theory of the other fundamental interactions.

This development was made possible, on the one hand, by the discovery in the Sixties, of a new
level of elementarity, the level of quarks, the elementary constituents of the hadrons, the particles which
take part in all fundamental interactions including the strong interaction, and on the other hand by the
identification of the property of symmetry that is essential in QED and likely to be generalized to other
interactions, gauge invariance. The standard model then includes:

- Quantum Chromo-Dynamics (QCD), a renormalisable theory with gauge invariance

describing the high energy interactions of quarks by exchange of gluons

- The electroweak unified theory, a renormalisable gauge invariant theory ideally describing

the interactions of the quarks and the leptons (i. e. the fermions which do not take part in the

strong interaction), if they were massless by the exchange of the photon and of the intermediate

vector bosons of the weak interaction, if they were massless

- The Higgs mechanism which induces the spontaneous breaking of the electroweak symmetry

and makes massive the quarks, the charged leptons and the intermediate vector bosons while

preserving the renormalisability of the electroweak unified theory.

- This mechanism implies the existence of at least a not yet discovered particle, the Higgs

boson, the research of which is the top priority assigned to the Large Hadron Collider (LHC),

the collider that was commissioned at CERN at the end of 2009. Except for this last missing

link, the overall agreement between the theoretical predictions of the standard model and the

whole of the experimental data up to energies about the hundred of GeV is satisfactory (of the

order of the percent).

2.3 Which new physics beyond the standard model?

The standard model which consists of effective theories is not insuperable. The parameters of which
it depends, as those which measure the intensity of the interactions at the elementary level, are not constant,
they depend on energy. The standard model which works well at the highest currently accessible energies,
can very well be embedded, at higher energy, in a theory which would include it and would give it again as
a low energy approximation. As it was noted that the intensities of the non gravitational interactions seem to
converge at an energy of about 1015 GeV, it is tempting to suppose that at this energy these interactions
could be unified in a grand unification theory (GUT). In such a theory the proton would be unstable, and
certain problems unsolved within the standard model, like the breaking of the matter-antimatter symmetry,
or neutrino masses could find a solution. But such a theory would suppose the existence of a new Higgs
mechanism occurring at an energy 1013 times higher than the energy of the electroweak symmetry
breaking. The articulation of two Higgs mechanisms at such different energies poses a very difficult
problem, of which a solution could be found thanks to a new property of symmetry, supersymmetry. One
has thus developed an extension of the standard model, the minimal supersymmetric standard model
(MSSM) with which one would recover all the assets of the standard model at energies lower than that of
the LHC, but which would lead to the prediction of new observable effects at the LHC energies, such as the
existence of many new particles. The way of GUT is considered by particle physicists as the direct way
towards the reconciliation of quantum physics and general relativity, within a quantum theory of gravitation,
whose field of validity would be that of the scales of Planck
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But, as we are going to show now, another way seems to open in the direction of a quantum theory

of gravitation, that of thermodynamics.
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3/ General relativity and the standard cosmological model

3.1 General covariance, principle of equivalence and a geometrical theory of gravitation

The theory of relativity was developed by Einstein in two stages: in 1905, special relativity
integrates the Galilean principle of relativity (equivalence of inertial reference frames moving in relative
uniform rectilinear motion) and in 1916, general relativity extends the principle of relativity to arbitrary
changes of reference frames®.

To generalize the principle of relativity to arbitrary changes of reference frames (principle of general
covariance), Einstein makes a detour through the theory of universal gravitation: starting from the
independence of the acceleration communicated to a body by gravitation with respect to the mass and to the
other properties of this body, independence which had been noticed by Newton and which he promotes to
the status of the principle of equivalence, Einstein shows that:

(i) An arbitrary change of reference frame can be replaced, locally (i.e. in an infinitesimal domain of

space-time), by an adequate gravitational field and

(if) The gravitational field can be replaced, locally, by an adequate change of reference frame.

He thus arrives at a geometrical theory of gravitation whose fundamental equation connects
the Ricci-Einstein tensor “. Orelated to the non-Euclidean geometry of space-time to the energy

momentum tensor L. Cdescribing in a phenomenological way the properties of matter. The proportionality
constant relating these two tensors is fixed in such a way that one recovers Newtonian gravitation theory at

the non-relativistic limit: 7w =579/¢" T, 1 General covariance implies that only events of space-time
coincidence are observable. Arrived at his equation, Einstein made the following comment about it: "the
theory avoids all the defects which we reproached to the foundation of classical mechanics. It is sufficient,
as far as we know, for the representation of the observed facts in celestial mechanics. But it resembles a
building whose one wing is built of fine marble (first member of the equation) and the other of wood of
lower quality (second member of the equation). The phenomenological representation of the matter
compensates, actually, only very imperfectly a representation which would correspond to all the known
properties of matter®. "

General relativity implies departure from the theory of Newton only when the gravitational fields are
strong. The importance of such effects can be evaluated simply by determining the escape velocity, i.e. the
speed above which a test body can escape from the gravitational field generated by a planet or a star. If this
speed is not negligible as compared to the velocity of light, then the Euclidean geometry, or more precisely
the Minkowskian geometry of space-time of special relativity, is not relevant any more in the description of
the laws of mechanics. The curvature of space-time must be taken into account. It remains to appreciate the
importance of gravity. In the case of a spherical object of radius R, the escape velocity is given by 2GM/R.
On Earth, it is about 11 km/s, so the relativistic effects are not very visible (although it is already necessary
to introduce corrections due to general relativity into the very precise synchronization of the GPS). General
relativity effects become significant only on stellar scales.

In the article of synthesis appeared in 1916, in which general relativity is completely formalized,
Einstein indicates three possible validations of his theory: the advance of the perihelion of the elliptic orbit
of Mercury around the sun (of 43" per century!), a shift of the spectral lines emitted by massive stars and the
deviation of the rays in the vicinity of the sun (which was measured a little time later, at the time of the
eclipse in 1919, as envisaged by relativity).

3.2 General relativity and cosmology

If it thus appears that significant masses are necessary to lead to departures from the Newtonian
theory of gravity, an additional argument makes it possible to understand the reason why such effects can
show up at cosmological scales. Just like in classical gravitation, general relativity treats only positive
masses (or in an equivalent way their energy content E = mc2). As a consequence the effects of curvature
are additive. Thus, with an average density of matter in the universe, the theory can associate an average
curvature of space-time. General relativity thus appears as being naturally connected to cosmology, the
science which has as an aim the description of the whole universe. A universal description of the world is
then possible because the universe appears homogeneous and isotropic at long distance. This formalization

° Albert Einstein, "Die Grundlage DER allgemeinen Relativitatstheorie”, Annalen der Physik. Vol. XLIX, 1916,
p. 769-822

°A. Einstein, Physics and Reality, Franklin Institute Journal, vol.221, n° 3, March 1936
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thus rests on the cosmological principle that stipulates that there exists a universal time, but that there exists
neither a geometrical position nor a direction that are privileged in space.

Inaugurating this way of thinking, Einstein realizes as soon as 1917 that the universe of general
relativity is unstable. From the additive character of the gravitational attraction that we have just mentioned,
follows the fact that uniformly distributed matter at rest cannot be in a stable equilibrium: spontaneously,
the Universe should collapse to a point. To mitigate that, and to thus ensure cosmos a total immutability,
Einstein adds to the equation of general relativity, an extra term, perfectly respecting its general covariance,
which he denotes [1, and which has been thereafter called the cosmological constant. The positive value of
this constant physically translates the effect of a repulsive internal pressure able to counterbalance the
attractive action of gravitation. Within the framework of the cosmological principle, the solution of the
Einstein equation thus obtained’ corresponds to a static and elliptic universe (finite, but without edge just as
the two dimensional surface of a sphere), in which a light ray would return to its departure point. The first
component of this equation makes it possible to connect the radius of the universe R, the cosmological
constant [J[Jand the density of matter [y
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Einstein is all the more satisfied with the addition of this constant that it leads to a cosmological
model satisfying what he calls the Mach’s principle which requires that the gravitational field as well as
inertia are completely determined by the energy content of the universe. In such a model the Mach’s
principle is indeed respected because the cosmological constant, that is purely geometrical (its dimensional
content is that of the inverse of the square of a length) is independent of the energy content of the universe, a
content that is completely described by the density (10, since the universe is finite.

It remains that this cosmological constant revealed, as shown by de Sitter a few months later®, a
formal solution to the equations of relativity with no right hand side, completely unacceptable with respect
to the Mach’s principle: a universe of elliptic geometry void of matter but not deprived of gravitational
field! In fact such a universe would be stable because it would not contain any matter. If particles, of mass
sufficiently low not to affect the global geometry, are deposited in a given region of space, the effect of the
cosmological constant will be to move them away towards an event horizon (located at a finite distance).
The presence of this horizon was analyzed by Einstein as a singularity without physical counterpart.

The interpretation of the role of the cosmological term can in fact be reduced to its position in the
equation of Einstein. If it is in the left hand side (related to the metric tensor), the analysis of de Sitter
indicates that the Mach’s principle is not respected, whereas if it is in the right hand side (related to the
energy-momentum tensor), its origin is to be brought back to the microscopic interactions but then the effect
of the repulsion remains to be explained.

During the Twenties, the problem of the cosmological constant appeared more and more severe. It
was thus shown, on the one hand that even the idea of Einstein of relying on a cosmological constant leads
to a universe that is unstable, and on the other hand, that the singularity of the horizon of the de Sitter model
which Einstein denounced was actually not a singularity. It is with the works by Friedmann in 1922 and
Lemaitre in 1927 that the events took another turn®. Each one of these two authors showed, independently of
the other, that there were also dynamical solutions to the equation of Einstein. Space-time thus has the
property of being able to dilate or to contract. Mathematically, these solutions then connect the average

" Albert Einstein, « Kosmologische Betrachtungen zur allgemeinen Relativitaetstheorie », Sitzungsberichte der Preussischen
Akademie der Wissenschaften zu Berlin, 1917, p 142-152 French translation in « Albert Einstein, OEuvres choisies », tome 3, p
88, Ed. du Seuil

84 W. de Sitter, « On the Relativity of Inertia. Remarks Concerning Einstein’s Latest Hypothesis »,
Proc.K.Akadem.Amsterdam, X1X, 1917, p 1217-1225, ; « On the Curvature of Space »,

Proc.K.Akadem.Amsterdam, XX, 1917, p 229-242 ; « On Einstein’s Theory of Gravitation and Its Astronomical

Consequences. Third Paper », Roy. Soc. Astron. Soc. Monthly Notices, LXXVIII, 1917, p 3-28

° A. Friedmann, « Uber die Kriimmung des Raumes », Z. Phys., 10 (1), 1922, p. 377-386

Abbé G. Lemaitre, « Un univers de masse constante et de rayon croissant, rendant compte de la vitesse radiale des

nébuleuses extra-galactiques », Ann. Soc. Sci. Brux., XLVII, série A, 1927, p 49-59
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density of matter not to the radius of the universe but rather to its scale factor a(t) and its time derivative
al(t) . One thus has
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Such an innovation makes useless the addition of the cosmological constant. Initially, Einstein was
not very much interested in these dynamical solutions because they corresponded to open universes, for
which the inertial interpretation of the Mach principle becomes problematic at infinity. He started to change
his opinion at the end of the decade when observational evidence of a temporal evolution of the geometry
started to come up at the horizon. This is how the "big-bang” theory (according to the name that the
astronomer Fred Hoyle gave it around the middle of the 20th century), adding to relativity the expansion of
space, produced the first valid cosmological model for which the addition of the cosmological constant was
not necessary any more.

3.3 The standard cosmological model: from the simple big-bang model to the

cosmology of concordance

It is to Edwin Hubble that one owes the first observational indices of an expansion of the universe.
This astronomer used for that the velocity measurement of far away distancing galaxies'® whose position
was also known (velocity is in fact given by the Doppler shift on the spectral lines, whereas the distance is
known thanks to Cepheid stars, present in these galaxies and whose characteristics of absolute luminosity
was known). The result which he announced in 1929 was that the speed of distancing was proportional to
the distance, that is to say v = Ho d where Hy is the constant which now bears his name and which makes it
possible to determine the growth rate of space in the models of Friedmann and Lemaitre (the numerical
determination of this constant is frightening of difficulty; today, it seems to be equal** to 70,5 + 1,3
km/s/Mpc).

The very existence of a linear relation speed/distance is a proof of the expansion — and of a uniform
expansion — of the universe. Its origin is easily understood by means of the following analogy made with a
one dimensional model: if one draws one end of a rubber band, the other end being maintained fixed, the
displacement from the fixed origin of a particular point of the rubber band will be the larger the more it is
initially distant from it. The fact that the proportionality constant is a scalar adds to the property of
homogeneity of space, the one of its isotropy.

To the Hubble’s proof two other major evidences of the expansion of the universe are added today.
The first one relates to relative abundances of the elements resulting from primordial nucleosynthesis. It has
thus been noticed that the relative proportions of helium, deuterium and lithium are appreciably uniform in
the whole universe. This indicates a common origin of the light elements. As those can be formed starting
from protons and of neutrons only for temperatures of about 109 K, one can conclude from it that it is
necessary that the universe was, at a former period, hotter and thus denser. That corresponds precisely to the
idea of the expansion. It is in this manner that George Gamow, Ralph Alfer and Hans Bethe proceeded to
show in 1948 that the standard theory of the big-bang led to an exact forecast of relative abundances of the
light elements™.

The second proof of the big-bang model resides in the observation of the cosmological microwave
background (CMB). This electromagnetic radiation, detected in 1965 by two radio astronomers, Arno
Penzias and Robert Wilson®, was a prediction of the big-bang theory made firstly by George Gamow, and

0E. P Hubble, « A relation between distance and radial velocity among extra-galactic nebulae », Proceedings of

the National Academy of Sciences, 15, 1929, 168-173

11 « Five-Year Wilkinson microwave anisotropy probe observations : cosmological interpretation », The Astrophysical Journal Supplement
Series, 180 :330-376, 2009

2R, A. Alfer, H. Bethe, G. Gamow, « The Origin of Chemical Elements », Physical Review Letters, 73, 1948, p. 803-804

13 A.A.Penzias et R.W.Wilson, « Measurement of Excess Antenna Temperature at 4080 Mc/s », Astrophysical

Journal, Vol. 142, 1965, p 419-421
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then by Ralph Alpher and Robert Herman® in 1948. This radiation indeed originates in the radiative
transitions from the first neutral atoms which could have been formed when the temperature of the universe
became gradually rather low (about 3 000 K). Between this time (some 380 000 years after the big-bang)
and today (approximately 13,7 billion years after the bigbang), the wavelength of the emitted photons then
increased with the expansion of the universe so that this radiation initially lying in the visible and the
ultraviolet domain is detected today in the domain of the radio waves. Perhaps this shift in wavelength
constitutes the most remarkable proof of the expansion of space-time.

Let us have a pause to specify the interest for cosmology of the observation of this cosmological
background. At the time of its emission, matter is not organized: atoms are in thermal equilibrium with the
radiation. The maximum of intensity of the radiation can then be connected, thanks to the black body theory
discovered by Planck, to the temperature of matter. It was the object of the sending of the COBE and
WMAP satellites (respectively launched in 1989 and 2001) to measure with a high accuracy the space
variations of the temperature of the cosmological background. This temperature is on average equal™ to
2,726 K and its fluctuations (once are subtracted the Doppler effect caused by the earthmoving and the
effects of known sources in the Milky Way) relate to the fifth figure of the preceding value. If the study of
this radiation thus states that the universe was remarkably homogeneous at its beginnings, these very small
fluctuations also provide significant information because the appearance of the large scale structures which
one currently observes in the distribution of galaxies in the universe can be partly connected to the
temperature fluctuations in the primordial matter.

The models of Friedmann and Lemaitre make it possible to correctly describe a universe compatible
with the three major evidences of the expansion which have just been given. These cosmological models
however do not allow explaining that the cosmological background is so homogeneous and that the
curvature of space (deduced for example from the density of matter and the growth rate provided by the
measurements of the WMAP satellite) is so low. The observed homogeneity of the CMB is particularly
paradoxical because it implies that two regions that have never been in the past in causal contact should
have now almost exactly the same temperature. Which could thus be the reason which makes them resemble
each other so much? It was proposed to explain this fact to supplement the first cosmological model which
has just been presented, with a new hypothesis, the one of an initial exponential expansion called inflation
of space-time.

This idea was initially proposed, at the beginning of the Eighties, by Alan Guth™. It can be exposed
in the following way. In the very remote past of the universe, i.e. at temperatures ranging between 1027 K
and 1032 K corresponding to times after the big bang ranging between the Planck’s time (1043 s) and the
time of the grand unification symmetry breaking (10-35 s), a phase transition would have occurred whose
causes remain to be explained. It could have been translated, in the equation of Einstein, by the appearance
of a term similar to the cosmological constant. During this period, the universe would have extended in
space according to an exponential of the time, so that the scale factor of the universe would have increased
at least by 26 orders of magnitude. This brutal dilation would have leveled the universe while making its
spatial curvature negligible. Moreover, the various areas of the sky today observed in the cosmological
background would then have been causally connected in their very remote past, a fact that cannot be
accounted for by the sole Hubble constant. This scenario of inflation, intellectually attractive, missed, until
very recently, any observational support.

It turns out that, precisely, observational cosmology made, very recently, considerable progress in
two fields: the one of the measurement of distances by means of the observation of supernovas of the type
IA in remote galaxies, which made it possible to improve the determination of the temporal dependence of
the scale factor of the Universe, and the one of the measurement of the cosmological background, which
allowed, starting from a very detailed study of its fluctuations, to improve the determination of the various
components of the energy density. Using phenomenological models, the interpretation of the data coming
from these two fields converged towards what one now calls the cosmology of concordance, or the LICDM*
model, for Lambda-Cold-Dark-Matter, which can be summarized in the following way:

14 G. Gamow, « The evolution of the universe », Nature, 162, 1948, p. 680 ; R. A. Alpher, R. Herman, « Evolution of the universe », Nature 162,
1948, p. 774

B Measurement of the cosmic microwave background spectrum by the Cobe Firas », Astrophysical Journal, 420, 439 (1994)

16 Guth, Alan, The Inflationary Universe: The Quest for a New Theory of Cosmic Origins. 1997. ISBN 0-201- 32840-2 or ISBN 0-224-04448 -6
7 0. Lahav and A.R. Liddle The cosmological parameters, arXiv:1002.3488



18

— The spectrum of the fluctuations of the CMB is compatible with the inflation scenario, which

thus leaves the realm of pure speculation;

— The age of the Universe is estimated at 13,7 billion years, up to a few percents;

— The date of emission of the CMB is 379 000 years after the big-bang;

— The energy density of the Universe is ngpatiblels with the density, known as the critical density,

A
corresponding to a spatially flat Universe: ¥~ 8rt where Ho, the Hubble constant is the inverse of the
radius of the current horizon.

— The density of baryonic*®matter lies between 4 and 6 % of the total density;

— Observations concerning the dynamics of large scale structures suggest the presence, to a total
amount of 20 to 35 % of the total density, of a kind of matter called dark matter, which appears only by its
gravitational effects;

— To complete the total energy density of the Universe, one must include another component, called
dark energy, which represents approximately 70 % of it and which seems to have the same effect (a
negative pressure accelerating the expansion) as the cosmological constant introduced and then given up by
Einstein. This last observation, which one can describe as atrue discovery, is a complete surprise. If
confirmed, it would lead to a sign heralding a new scientific revolution since it would lead to a surprising
prediction about the far future of the universe: in fact with a non vanishing cosmological constant, when
time goes to infinity the horizon radius goes to the length associated with the cosmological constant, the
energy density goes to the dark energy density DE 1], the observable universe (i.e. the universe inside the
horizon) becomes empty since all galaxies are beyond the horizon®
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4/ Thermodynamics of black holes

4.1 Entropy and temperature of black holes Already in the Seventies, some works of Penrose,
Hawking, Bekenstein and Carter on black holes led to an understanding of their physics which required
elements of thermodynamics. Let us come back, to explain that, to the classical expression which connects
the escape velocity to the size of a massive sphere. It turns out that, since no object can exceed the velocity
of light, a body of mass M will retain with it everything lying inside a region of radius R smaller than 2GM /
c2 (the Schwarzschild radius). The boundary of this region is the event horizon of the black hole (an
external observer will not see anything of what occurs inside this zone). It is the origin of the bond with
thermodynamics. Contrary to classical mechanics where the motion of particles is reversible, the physics of
the black hole imposes an orientation of time. This characteristic is at the very foundation of
thermodynamics. Thus, as the area of the horizon of a black hole can only increase when it accretes matter,
it is possible to make it play the role of an entropic variable.

Bekenstein?’determines in 1973 the precise expression of the entropy of a black hole using
arguments based on quantum physics. Let us sketch his reasoning. To increase the entropy of the black hole
by the smallest amount, a bit of information kLn2 (k is the Boltzmann’s constant) is dropped into the black
hole in the form of a photon of the smallest possible energy, i.e. with a the wavelength equal to the
Schwarzschild radius. The corresponding increase in energy is thus given by the relation of Einstein, AE=
hv=hc /R, i.e. a mass increase AM =AE / ¢? , corresponding to an increase in the radius of the horizon AR
=2AMG / ¢ = 2hG / ¢®* R , and thus to an increase of the surface area equal to
A4=8TRAR =4RG /¢’ = 44, namely four times the Planck’s surface area. This area increase is
independent of any particular characteristics of the black hole (such as its mass). Starting from this
differential evaluation, one can go up to the total entropy of the black hole by noting that the entropy of a
black hole of null size being null, there is no constant of integration. One thus expects that the total entropy
of the black hole is equal to S =nkLn24/ 44, where the unknown constant factor n is of order 1. In

1 he” 1
addition, Hawking? has shown that it is also possible to associate a temperature 27 k GM with the

18 Its value is between 98% and 108% of the critical density

19 Namely matter made of atoms the nuclei of which consist on protons and neutrons
20 Actually, they are stuck at the horizon but infinitely red-shifted.

21 J.D. Bekenstein, Black Holes and Entropy Phys. Rev. D 7, 2333, (1973)
225 W. Hawking, Black hole explosions? Nature 248 5443 (1974)
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black hole that quantum physics authorizes to evaporate. By writing the second principle of
thermodynamics with this temperature, one can fix the value of the constant unknown factor n. One then

) S = k_i.
finds 44,

4.2 Bekenstein’s bound and holographic principle

As the formation of a black hole is the most effective way to compress matter in a certain volume,
the Bekenstein’s entropy appears as the upper limit of the information which can be contained in a sphere of
space time. This upper limit is expressed using the holographic principle?® “How many degrees of freedom
are there in nature, at the most fundamental level? The holographic principle answers this question in terms
of the area of surfaces in space-time: (...) A region with boundary of area A is fully described by no more
than A/4 degrees of freedom, or about 1 bit of information per Planck area20%."

4.3 The problem of information non-conservation and its solution by Susskind

As the evaporation of a black hole seems to be a non-unitary purely thermal process,
Hawking®raises the problem of the non-conservation of information in the dynamics of black holes, which
could announce an irreducible incompatibility between gravitation and quantum physics for which the
principle of conservation of information (also called principle of unitarity of the S-matrix) is fundamental.
L. Susskind describes in his popular science book 2 the long debate which opposed him to Hawking on this
subject and the way in which he managed to solve the problem. He shows?’that the paradox raised by
Hawking is due only to the approximation, known as semi-classical, which he used in the modeling of the
evaporation of the black hole and that an entirely quantum treatment of gravitation should allow to solve the
paradox. Although a quantum theory of gravitation is not yet available, he proposes a model which, thanks
to the holographic principle, respects the principle of conservation of information in the complete process
which goes from the formation to the evaporation of a black hole: the quantum dynamics of the black hole is
described by means of a unitary S matrix defined on the horizon of the black hole. The unitarity of this
"holographic™ S matrix is ensured by a combination of the principle of equivalence of general relativity and
the principle of complementarity of quantum physics. The principle of equivalence tells us that an observer
maintained outside the black hole perceives its horizon like a thermal system (namely a body black),
whereas an observer in free fall in the black hole does not perceive the horizon which is a border of no
return. How comes that the information perceived by the observer in free fall is not irremediably lost for the
external observer? The answer suggested by Susskind to this question lies in the principle of
complementarity of quantum physics: according to the above mentioned holographic principle, all
information concerning the evolution of the black hole is encoded on the horizon, and in quantum physics,
information residing on both sides of the horizon, which can be accessed only under contradictory
conditions of detection (that of the observer in free fall and that of the external observer), is complementary,
like are, for example, the dynamic variables constrained by the inequalities of Heisenberg.

5/ Thermodynamics and gravity: gravity as an emergent phenomenon

5.1 A thermodynamic route towards quantum cosmology

The idea that gravity can be described as an emergent phenomenon has a long history which
originates with the work of Sakharov®® Gravity-thermodynamics connection was discovered by Jacobson®
who used the proportionality of the entropy to the area of the horizon and a classical thermodynamical
identity to assimilate the Einstein’s equation to an equation of state. The implications of this connection

2 The reasoning based on the arguments of Bekenstein and Hawking which we presented here is primarily heuristic. It is within
the framework of the superstring theory that was carried out in a rigorous way the calculation of the entropy associated with the
horizon of a black hole, see E Witten, Anti-in Sitter space and holography, Adv. Theor. Math Phys. 2, 253. (ArXiv:hep-
th/9802150)

#* R. Bousso, The holographic principle, Rev.Mod.Phys.74:825-874 (2002) (arXiv:hep-th/0203101)

5. Hawking, Breakdown of predictability in gravitational collapse, Phys. Rev. D 14, 2460 (1976)

% | Susskind, The Black Hole War — My Battle with Stephen Hawking to Make the World Safe for Quantum Mechanics. Little,
Brown and Compay, New York, Boston and London, 2008. .

2T, Susskind, L. Thorlacius and J. Uglum, The stretched horizon and black hole complementarily, Phys. Rev. D 48, 3743 (1993)
(arXiv:hep-th/9306069). Indépendamment de Susskind et presque simultanément G. ‘t Hooft a abouti a des conclusions similaires
: voir G. ‘t Hooft, Dimensional reduction in quantum gravity arXiv:gr-qc/9310026

%8 A, D. Sakharov, Sov. Phys. Dokl. 12, 1040 (1968)

2T, Jacobson, Phys. Rev. Letters 75, 1260 (1995)
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were thoroughly analyzed by Padmanabhan®. In reference® he presents the guiding principles of his
program and the stages of what would be a thermodynamic route towards quantum cosmology:

1. The horizons are inevitable in the theory and they always depend on the observer

2. The thermal nature of the horizons cannot occur without space-time having a microstructure

3. All observers have the right to describe physics using an effective theory based on the variables to
which they have accesses

4. The problem of the cosmological constant (why is it so small?) is due only to our bad
understanding of the nature of gravitation. This problem cannot be solved in a theory arising from an action
which (i) is generally covariant, (ii) uses as dynamic variables the components of metric and (iii) comprises
a mater sector whose energy is defined up to an additive constant.

5. Gravity is an emergent phenomenon, which means that the components of the metric tensor are
not the fundamental degrees of freedom and that its fundamental equations must be derivable starting from a
new paradigm based on the connection between the equations controlling the dynamics of the metric and the
thermodynamics of horizons. This paradigm should make it possible to obtain the dynamical equations
without being necessary to vary the metric in the principle of action

6. The theory of Einstein is only an effective theory at low energy; thermodynamic description
should provide keys to evaluate the corrections to this theory.

In the final chapter entitled Gravity as an emergent phenomenon of the book® which he has just
published, Padmanabhan has reviewed the results that he obtained in the achievement of his program, in
particular with regard to item #4: he has shown that it is possible to derive the equations of the gravitational
field while varying, in a variational principle, some degrees of freedom other than the components of the
metric and residing on the horizon, in agreement with the holographic principle which stipulates that "the

true degrees of freedom of gravity for a volume V, which cannot be eliminated by a gauge choice [i.e. by a

choice of reference frame] reside on its border®® V" He then shows that in the volume delimited by the
horizon, the cosmological constant is decoupled from gravity. This decoupling is the consequence of to the
fact that the equations of the field are invariant by change of the additive arbitrary constant of material
energy, which gives the freedom to introduce the cosmological constant as a constant of integration once
that the equations are solved and not in the action from which the equations derive. Such a scheme would
make it possible to solve the problem of the cosmological constant and to lead to a satisfactory agreement
with the observational data as they are consigned in the standard cosmological model.

5.2 Gravity as an entropic force

Very recently, the gravity-thermodynamics connection caused a significant renewed interest
following an article of Verlinde® in which he interprets gravity as an entropic force. He uses a heuristic
reasoning, based on an analogy with the physics of polymers. He considers a polymer molecule immersed in
a thermal bath, with one of its ends fixed in the bath. If one tries to extract the molecule by drawing it by the
other end, it will be submitted to a force of entropic nature, which will tend to bring back the molecule in a
state maximizing its entropy. Extending his analogical reasoning to the thermodynamics of the horizons,
with a temperature and an entropy defined a la Hawking and Bekenstein, he succeeds in interpreting the
force of gravity of Newton as an entropic force. He continues his reasoning by showing that the laws of
Newton, that on inertia and that on the force of gravitation can be regarded as emergent, and that, in the
same way, the principle of equivalence is emergent. Within a relativistic framework, he thus shows that his
conjecture makes it possible to derive the Einstein’s equations! The strong conclusion that he draws from
his work is that it will be necessary to get accustomed with the idea that gravity is not a fundamental force:
"It is time we not only notice the analogy, and talk about similarity, but finally do away with gravity as a
fundamental force" He also suggests that such a paradigm shift should also take place in the string theory

% pour une revue détaillée et de nombreuses références voir T. Padmanabhan, Thermodynamical Aspects of Gravity : New
Insights, Rep. Prog. Phys. 73 046901 (2010) (arXiv:0911.5004)

1 T Padmanabhan, Gravity as an emergent phenomenon : A conceptual description, arXiv:0706.1654

% T, Padmanabhan, Gravitation—Foundations and Frontiers—, Cambridge University Press, The Edinburgh Building, Cambridge
CB2 8RU, UK, (2010)

% T. Padmanabhan, Gravity, a New Holographic Perspective, arXiv :gr-qc/0606061

* E. Verlinde, On the Origine of Gravity and the Laws of Newton, (arXiv:1001.0785)
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that is regarded as the best candidate for a quantum theory of gravitation, because the relation between open
strings (which describe matter) and closed strings (which describe gravitation) can be also interpreted in
terms of the emergence of gravitation.

6/ Conclusion

It thus appears to us today that current physics is in a prerevolutionary situation which is not without
analogy with the one that prevailed at the beginning of the 20th century. New elements of observations like
the rediscovery of the cosmological constant, the discovery of the acceleration of the cosmic expansion, the
confirmation of the inflation scenario, as well as the interrogations caused by the dark matter, come to shake
the contemporary theoretical building of physics. Just like what occurred at the beginning of the last
century, statistical thermodynamics seems to be the missing piece of the puzzle. It makes it possible to bring
closer this time two fields hitherto considered as disconnected: general relativity and quantum physics, each
one resulting from the dissipation of one of the two clouds of Lord Kelvin. This time these two theories
must cohabit in the description of black holes in particular, and cosmology in general. It is the holographic
principle which casts the bridge between the principle of equivalence of general relativity and the principle
of complementarity of quantum physics. It makes possible a description of the dynamics of black holes free
from any paradox and provides the basis of an understanding of the cosmological term in the equation of
Einstein. The holographic principle accounts for the echo on the horizon of the events occurring in the
volume of the expanding universe. For any event horizon, this principle also applies.

The consequences of the existence of the holographic principle are of paramount importance because
the central role of the horizon and of its thermal properties put into question the geometrical paradigm on
which physics was built following the Greeks and since the 17th century. Information becomes first and
space is emergent; the fine marble of the left hand side of the equation of Einstein is not more solid than the
cheap and ordinary wood of its right hand side. The left hand side is to some extent the geometrical screen
of the cave of Plato on which the shades of a more essential world are projected. The form which it takes in
the equation of Einstein constitutes a low energy approximation of a more general theory yet to be
elaborated.

This informational rather than geometrical approach at the same time makes it possible to
comprehend the principle of Copernicus and the principle of relativity of Galileo. If space does not exist by
itself, then there is no privileged position in space and any observer can be regarded as the center of the
world observable by him (or her), or in other words, in absence of a viewpoint, the point of view of an
observer makes him (or her) the center of the world! The principle of inertia stating, according to the words
of Galileo, that the inertial movement appears as “null” can now be reinterpreted in terms of information: as
explained just above, binding acceleration to a variation of information exchanged by means of a non
gravitational interaction (that is fundamental) amounts, according to the principle of equivalence, to binding
gravity (that is emergent) to entropy.

With regard to the expansion of the universe, we would have entered, according to the current
standard cosmological model, in a phase of re-inflation, controlled by the cosmological constant and
leading, in the far future, to the hopelessly empty and uninteresting universe that we have hinted at the end
of 8 3.3 (see the figure and its legend). This aspect can appear discouraging. But we can somehow comfort
ourselves because, as Pascal says it: "By space, the universe includes me and absorbs me like a point. By

thought, 1 understand it *".

35 , . , . . .
« Par I’espace, 'univers me comprend et m’engloutit en un point. Par la pensée, je le comprends. » In french, the verb « comprendre »
means to embed as well as to understand
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Caption This figure inspired by Padmanabhan (Astro-ph/0610492) shows 1n loganthmic scale and in
natural units (4 = ¢ = 1) the radius of the cosmological honizon ( @/ a ) as a function of the scale factor

a. The phases of inflation (remote past) and re-inflation (remote future) comrespond to de Sitter
universes (implying horizons of constant radii), essentially void of matter and satisfying the perfect
cosmological principle (namely universes everywhere and always identical to themselves). The phase

obeying the Hubble’s law (a(t)m\/;ﬁa/ dza2) is the one described by the cosmology of

The radius of the horizon as a function of the scale factor of the universe

concordance which describes "a brief history of matter”
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La production de résultats fondés en
sciences sociales a partir de simulations

un cadre epistémologique
C. Sibertin-Blanc (IRIT)

sibertin@irit.fr sibertin@univ-tlsel.fr
- ACADEMIE EUROPEENNE INTERDISCIPLINAIRE DES SCIENCES

Motivation

Simulation: « a third way for doing science » (Axelrod)

* Qu’en est-il de la nature et de la validité des connaissances produites ainsi ?

— Le processus de production des résultats

— La possibilité de reproduire ou de falsifier ces résultats

==> necessité que le processus soit explicite

* Résultats d’ordre 1 :connaissances sur le logiciel qui produit les résultats

* Resultats d’ordre 2: connaissances sur la cible du modéle, le phénomeéne social étudié


mailto:sibertin@irit.fr
mailto:sibertin@univ-tlse1.fr
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Le projet SocLab

Une Formalisation de la Sociologie de I’ Action Organisée (Crozier & Friedberg)

» Un méta-Modele pour décrire la structure

des organisations sociales

* Etude analytique des propriétés structurelles et de I’espace d’état (du modele) d’une organisation
+ Simulation du comportement des acteurs sociaux

* Un environnement pour 1’édition, I’analyse et la simulation

1.n Control 1
Relation Actor
state 1.n 1.n | /capacity
i Ipower
move() Depend
act

stake !

/impact

effect()

K e it oot ol referto --,

Social
Science
Theory

formalize,
interpret

identify discourse

- ----- =

Object of Conceptual formalize, Formal Simulation
Interest Model interpret Model Model
investigate experiment

deduce
rocess ‘ process
2 Sci formalize, Formal
- interpret Results

Results
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Les théories des sciences sociales et leurs domaines d’application
Un cadre conceptuel

* constitué de concepts, d’entités spécifiques et de relations
* permettant de produire des discours

* pour répondre a certaines questions

* sur certains objets du monde : son domaine d’application

Social
Science
Theory

identify discourse

Interest

investigate

process
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La théorie des systemes comme domaine de référence

« Formalisation : traduction d’un discours en langage naturel enun énoncé formel (non ambigu et
consistant)

* Interpretation : traduction inverse,d’un énoncé formel en un discours en langage naturel

* Toute traduction nécessite un domaine de référence commun (ce que les symboles dénotent) : La théorie
des systémes

* L’objet d’étude peut étre vu comme un systéme, institué comme tel de fagon analytique par le
scientifique

Social
Science
Theory

formalize, Formal
interpret Theory

Formal
Theory

instarftiate

Formal Simulation

Model

experiment

process

Formal \ —

Results
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Modele formel

Organisation générique des modeles :
— structure : les éléments constitutifs
— dynamique : ce qui peut survenir, comment ¢ca marche

Modele formel : la structure

La structure d’un systéme sociale :

— les acteurs sociaux : entités actives, capables de réaliser un certain
travail, consomment de 1’énergie

— les resources : entités passives impliquées dans la réalisation
d’actions (matérielles ou cognitives : ressources, regles,
informations, usages, ...)

— relations entre entités actives et entités passives

— invariants

Une structure algébrique

— définit un espace d’état

— ses propriétés peuvent étre étudiées analytiqguement

au niveau de la structure et dans un état donné

Modele formel : la dynamique

* Individualisme méthodologique : ce qui se passe est le fait des acteurs
* Hypothése du comportement rationnel : les acteurs ont des raisons connaissables de faire ce qu’ils font

= repeat
— analyse the situation
— select an action
— perform that action

* La dynamique du systeme résulte des synchronisation et interactions
entre les processus des acteurs
* Etude analytique des propriétés comportementales (émergence) ?
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instantiate

Formal Simulation

Model

experiment

process
-

Formal
Results

The Formal Theory

A formal language whose utterances are formal models

* Systems’ structure:

— a meta-model

— structural invariants (cf. the OCL of UML)

* Systems’ dynamic:

—algorithms modelling the behaviors of the actor types

— the interactions between these behaviors (simulation engine)
« Analytical study:

the formalization defines a class of mathematical objects whose properties can be investigated
— definition and computation of relevant properties

— investigation of the set of reachable states

Le modele de simulation, les sorties et résultats

» Modele de simulation :

réalisation (forme de concrétisation) du modele mathématique,

sujet aux contraintes de la technologie informatique

» Sorties :

choix et collecte de ce que I’on veut observer sur le fonctionnement

du modéle

* Résultats : traitements des sorties de simulation

—analyse de sensibilité

—analyse de données

* Les résultats de simulation et ceux analytiques s’éclairent I’un 1’autre
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Validation issues/Problémes de validation

refer to
Social ;
Saiance formalize, Formal
Th edry interpret Theory
|dent|fy di SCOU'Se instarftiate
Ob,ect of formalize, Sm.;lauon
Imerest interpret Mode
mvesthate expenment
deduce
process ; process
Soc formalize,  _( Formal &~

Science 4 —jiarnret Results

Results
Each activity of this process may be checked, each product may be put to the test

Epistemic issues/Problémes épistémiques

* Theoretical, conceptual:

— defining a formal language

— elaborating analytical techniques

* Pragmatic, experimental:

— translation from the conceptual to the formal model
— production of the results

* Technical:

— design and development of the simulation model

— production of the outputs

Validation issues/Problemes de validation

* About the formal theory:

— simplicity

— orthogonality of the concepts

— expressivity: ability to catch the main concepts of the theory
— relevance of the analytical techniques
— interpretability of any formal model

— easiness to draw formal models

* About a formal model:

— simplicity, easiness to understand
—accuracy,

— relevance, interpretability of the results
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* About the simulation model:
— control of the implementation bias
— reliability, observability, adaptability

Validation issues/Problemes de validation

* About the outputs:

— rigor of the experimentation protocol
» About the formal results:

—rigor of the processing

Conclusion

» A model is always simplification of the empirical phenomenon under consideration intended to produce
some knowledge, it is not the reality

» In social sciences, the interpretation of the results in the terms of the social reality is essential

* Forecasts: the behavior of human beings is unforeseeable

Social
Science
Theory

formalize,
interpret

Formal
Theory

|denufy d‘SCOU'Se instarftiate

Object of Co"ceptual rormahze
Interest Model mte'pret

investigate

Simulation
Maodel

experiment
4

deduce
L {
process /S-,—m‘ formalize, ___(” Formal &°%%8
Science  J*—Tiamret T\ Results
Results

naive simulation model

Theory-based process:

SS Theory --> concep. model --> fom. model --> simulations --> results
Theory-building process:

naive implementation---> (formal model + results) ---> conceptual model ---> SS Theory
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La dimension sociale d’un systéme d’action
Formalisation d’une théorie sociologique pour 1’analyse des comportements des

acteurs sociaux
Journée Capricorn, Marseilles, 5 janv 2011

La sociologie de I’action organisée

® Due a M. Crozier and E. Friedberg:

The Bureaucratic Phenomenon (1963),
Actors and Systems (1977),
Dynamics of Organized Action (1993)

® Largement utilisée pour

— le diagnostique organisationnel
— I’évaluation des politiques publiques

® Pourquoi les acteurs sociaux se comportent-ils comme ils le font ?

La sociologie de I’action organisée

® Les acteurs sociaux ont un comportement stratégique :

chacun cherche a disposer des ressources qu’il estime nécessaires a la réalisation de ses objectifs

* Les relations de pouvoir :

pour obtenir ces ressources, il cherche a influencer le comportement de ceux qui les détiennent,

par I’intermédiaires des ressources qu’il contréle lui-méme

* Les acteurs ajustent leurs comportements les uns aux autres, dans un jeu d’échange entre leurs relations de
pouvoir
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Formalisation de la structure des systemes d’action

~ Actor
Relation fcapacity
state 1.0 Control 1 |/power
b min /satisfaction
b max finfluence
move‘l()N 1..n . .n act())/\
\ |
fror t : feam t
CQ] ./O Depend fron 2
C - stake \ . /
onstrain p X _
on_bmin() impac Solidarity
on bmax() effect() level
SocLab

Un environnement pour
* la modélisation

* ’analyse

* la simulation

des systemes d’action




33

o

=Y

| MODEL | ESCRIPTION

CONTROLS | STAKES | CONSTRAINT SYsoﬁgngSTFuzmsmsszuzzv;%

EFFECTS MATRIX

B
HS Father Andrew lean B

purchase decision _\_ e Ty _/—

application presc

nature presc

control nature presc ——— /"_\/\ \




34

The Social Game

Relations Actors
s=(sry, ..., srm) (satisf(ay, s), .....satisf(an, S))

----- satisfaction =2

» State of the game: the vector of the resources’ states

* Actors’ utility function: their satisfaction

« Actions: every actor changes the state of relations he controls
Transition : State x Action —> State

(sra, ..., stm) X (Mry, ..., mry) :(——> (Sry + mry, ..., sfy + Mry)
where my; is selected by the actor which controls ri

Etude analytique

® Définition et calcul d’indicateurs dont on peut comparer les valeurs, portant sur :

— un acteur (pouvoir, pouvoir potentiel, autonomie, ...)

— une ressource (pertinence, force, ...)

— ’organisation dans son ensemble (stabilité, coopérativite, ...)
—une dyade acteur-acteur ou acteur-ressource

dans un état donné de 1’organisation ou structurellement

* Exploration de I’espace des configurations

— pire/meilleure situation d’un acteur

— conflits structurels

— bien étre social : maximum global, optima de Pareto, équilibres de Nash, situations égalitaires, ...
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Simulation : comment chaque acteur est-il

susceptible de se comporter ?
* Doter chaque acteur d’une rationalité plausible et les faire jouer le jeu social
* Dans un état sationnaire du jeu, chaque acteur estime qu’il dispose d’une capacité d’action suffisante pour
ne plus modifier
son comportement
==> il est plausible qu’ils se comportent ainsi.
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Le projet Concert’Eau

Evaluation de la faisabilité sociale de nouvelles pratiques agricoles plus respectucuses de la qualité de 1’eau
dans le bassin amont du Gers

Social

Environnement Economique

Meéthode Concerteau

1 - Identification d'un territoire 2 - Travail collectif d’identification de scénarios de

) changement de pratiques agricoles
Bassin Adour-Garonne

Groupes d’acteurs

Elaboration de scénarios

3 - Simulation et évaluation
économique,
environnementale et sociale
6 — Transfert sur d’autres territoires
Et/ou d’autres problématiques

Economie

5 - Utilisation des
résultats pour la
mise en place
d’'un programme

volontaire
d’actions @

Environnement Sociologie

4 - Comparaison globale des

sceénarios

Répartition des enjeux des acteurs sur les ressources

AE | DRAF | CG | Chambre | Coop. | Instituts Agriculteurs Agriculteurs
DDAF d’agri. techniques | conventionnels | bio ogiques
Financement 4 3 2 1 0 15 2,5 0,5
Cofinancement | 2 15 4 1 0 15 1 1
Données 2 2,5 15 1 1 3 0 0
Conseil 0 0 0 2 2 1 1,5 1




39

Lobbying 0 0 0 2 3 0 2,5 1
majoritaire
Lobbying 0 0 0 1 0 0 0,5 3
contestataire
Contréle 2 3 2,5 1 1 2 1 2,5
réglementaire
Relais 0 0 0 1 3 1 1 1
agriculteurs

Water DRAF Region. Chamber Agri Tech. Conv. Natural
Agency DDAF Concil of Agri. coop. Instit. farmers farmers

Satisfaction 68,4 50,7 61,4 714 78,1 52,0 72,0 38,0
Absolute 146,6 41,5 74,2 25 65,1 141,8 101,7 56,5
power

Cooperative 1442 27,5 74,2 7,9 40,0 141,8 554 0,9
power

Satisfaction et pouvoir de chacun des acteurs dans la situation présente

Current ml m2 m3 m4 m5 m6 m7
System 457 468,1 476,2 494 511,4 483 459 501,1
Farmers 90,5 60,3 60,3 90,5 98,2 96,3 88,5 114.,6

Satisfaction globale et des agriculteurs pour chacune des mesures




