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Deux approches de gravite forte en

chromodynamique quantique :
Théorie effective et Reformulation.

Vincent Brindejonc
Résumé
Le but de cette thése est d'étudier les effets d'une gravitation propre a l'interaction forte sur le
confinement. L'idée d'une telle gravitation est apparue dans les années 70 sous le nom de gravité forte
et est réapparue récemment dans le cadre de la chromodynamique quantique.
Pour mener a bien cette étude, deux approches ont été développées. D'une part, nous avons batit un
modeéle dans lequel la chromodynamique est quantifiée sur un espace-temps courbe. Dans ce
modele, les seuls degrés de liberté a haute énergie sont les quarks et les gluons mais une métrique
forte, dynamique, apparait quand une théorie effective de basse énergie en est extraite. L'action
effective est similaire a celle d'Einstein-Hilbert avec constante cosmologique. Son exploitation
classique montre qu'étant donné son sighe, cette constante confine les sources de couleur dans une
sorte de sac cosmologique.
La seconde approche suivie, plus formelle, consiste en la reformulation d'une théorie de Yang Mills
comme une gravitation. Une telle reformulation est possible a trois dimensions. Nous en avons cerné
les limites dues en particulier a des singularités, nous l'avons étendue a un espace de fond courbe, a
un terme de Chern-Simons et a la présence de sources de couleur. Cette re-formulation est pour
linstant classique et le confinement n'y est pas encore explicite, néanmoins, la pseudo métrique
pourrait fournir un état asymptotique non coloré. Nous avons développé une application inattendue
de la reformulation aux équations d'Einstein-Yang-Mills a trois dimensions. Cette méthode permet de
générer des solutions de ces équations dés qu'une solution des équations d'Einstein dans le vide est
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The CMB and the results of the Planck
experiment shown in two full sky maps

The full sky map of the
lensing potential

The full sky map of the
CMB
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ACDM is a gedanken experiment that consists in bringing back into the
tableau the visible matter that has been removed as a foreground
possibly interfering with the CMB. This is what the reconciliation of all

observations (CMB, BAO, SNe) and simulations can do.
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The methodology of effective theories and emergent gravity

All densities and pressures, including the cosmological constant, are
replaced by effective, comoving quantities, i.e. thermal time dependent

Hubble radius L=H* Toda
Vanishing of total active mass Future event horizon
A
From radiation to matter dominance ®
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BSM Gauge-gravity duality?
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What is scientific cosmogony?

Dominique Lambert

UN ATOME « L’objet d’une théorie cosmogonique est de rechercher
D’UNIVERS des conditions initiales idéalement simples d’ou a pu

R ) réesulter, par le jeu des forces physiques connues, le
T - monde actuel dans toute sa complexité » Georges
- A ~ . oy o o
Lemaitre, U’hypothese de [’atome primitif — Essai de
cosmogonie -
La vie et l'ceuvre
de Georges Lemaitre "The object of a cosmogonic theory is to search for ideally simple initial conditions
Iesius Rdiéiie from which, through the play of known physical forces, the current world in its full

complexity could have resulted*
Georges Lemaitre, the primitive atom hypothesis — Essay of Cosmogony -
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Dark Matter Visible matter Dark Energy ACDM
Gluons Photons Neutrinos
Quarks G. Cohen-Tannoudji and J.P.
Charged leptons Gazeau, Scientific cosmogony,
W, Z the time in quantum relativistic
f physics
Higgs https://hal.archives-
_____________________/Z ______ \ _________________________ ouvertes.fr/hal-03538740
M/M Cosmological BSM
Sym.Breaking constant
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élémentaires

Médiateurs des Y Y 7 ‘o

interactions
Photon W+ W- z2° Gluons

8 de Brout Gilles Cohen-Tannoudji and M.
osonde _rou ! BEH Spiro, Le boson et le chapeau
Englert, Higgs mexicain, Gallimard, 2013

Le boson de Higgs, avatar moderne de ’atome primitif de
Lemaitre?
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World Matter energy density
T,=-Pg, +(P+p)uu,
A
T, =-APg,
A>0: de Sitter WM
A<O0: anti-de Sitter WM
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Einstein’s equation

1
Rﬂv — E g’UV,R, = 87Z-GNT;¢V + Agﬂv

/

The cosmological constant in
the r.h.s, constant of
integration

Flathess sum rule

_ 3H ’
876G,

Pe

Py + Py Pow + Poe =P =0

with p,. = A 187G

Friedman-Lemaitre

equation
_o_(R) _8Gyp_k A
\R 3 R* 3
R ™A 472G,
—=—- +3P
R 3 3 PT3P)
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Overlap of renormalization group equations of SM and Friedman-Lemaitre equations of CSM

BSM Primordial
inflation and

emergence of
dark energy Emergence of
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The landscape of scientific cosmogony implied
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by its five universal constants

Gce

hc

Quantum Field
Theory
(Theory 1)

General Relativity
(Theory 2)

G. Cohen-Tannoudji and J.P.
Gazeau, Scientific cosmogony,
the time in quantum relativistic
physics
https://hal.archives-
ouvertes.fr/hal-03538740

4D Rieman
SpaceTime

4D Minkowski
SpaceTime

Causality
(Pheno. 3)

Relativity
(Pheno. 2)

Complementarity
(Pheno. 1)

Relativistic Quantum
Thermodynamics
(Kinematics)

A w,Gkce

5D Euclidean
SpaceTime
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L’ancien cube des théories

4 1/c

Relativité restreinte

Théorie quantique des
champs

T~

Relativité générale

Gravitation quantique

“Théorie de Tout”

Mécanique Newtonienne

Mécanique quantique

'\ >

Gravité Newtonienne

Constantes universelles et transitions
limites
Gamow, Ilvanenko, Landau (1928)
J.P Uzan, R. Lehoucq Les constantes
fondamentales p. 133 Belin 2005

2?77
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TQC G=AIh

U="%/k; A

RG

TQI

B=A, /k,

B

Le nouveau cube des théories
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Expansion of the universe and the need of an extra dimension of time

The extra-mundane time of de Sitter

The three-dimensional world must, in order to be able to perform ""motions™, i.e. in order
that its position can be a variable function of the time, be thought movable in an
""absolute space of three or more dimensions (not the time-space X, vy, z, ct). The four-
dimensional world requires for its ""'motion’" a four- (or more-) dimensional absolute space,
and moreover an extra-mundane "‘time" which serves as independent variable for this
motion.

W. de Sitter, On the relativity of inertia. Remarks concerning Einstein’s latest hypothesis, in:
KNAW, Proceedings, 19 1, 1917, Amsterdam, 1917, pp. 1217-1225

18/03/24 Recherches inspirées par la thése de Vincent Brindejonc

14



The thermal time of Alain Connes and Carlo
Rovelli

In this case we have two independent and compatible definitions of time flow in this
system: the thermal time flow at and the flow Bt determined by the proper time.

A. Connes and C.Rovelli Von Neumann algebra automorphisms and time-thermodynamics
relation in general covariant quantum theories http://arxiv.org/abs/gr-qc/9406019v1
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De Sitter/Anti-de Sitter Space-time a possible
Kinematics

Gilles Cohen-Tannoudji and Jean-Pierre Gazeau, Dark matter as
a QCD effectin an anti de Sitter geometry:
Cosmogonic implications of de Sitter, anti de Sitter and Poincaré

symmetries
SciPost Phys. Proc. 14, 004 (2023)

Bacry, H. and Lévy-Leblond, J.-M. Possible Kinematics, J.
Math. Phys. 1968, 9, 1605.

Gazeau, J.-P. Mass in de Sitter and Anti-de Sitter Universes
with Regard to Dark Matter, Universe 2020, 6 (5), 66;
(https://www.mdpi.com/2218-1997/6/5/66)
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de Sitter geometry

» de Sitter space can be viewed as a one-sheeted hyperboloid embedded
in a five-dimensional Minkowski space (but keep in mind that all points
are physically equivalent)

MdsE{XERS; X2:7}av3 XC‘XB:—/\—:;j§ . 0.8=0,1,2 3,4,
where 7,5 =diag(1, -1, -1, -1, <1

. . In de Sitter, the fifth dimensionis
de Sitter space-time .
space like
15
05+
o, 04
05~ ===
P
2
1 : 2
0
oy -1 0
2 D
Space direction 4 1218
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Anti de Sitter geometry

» Anti de Sitter space can be viewed as a one-sheeted hyperboloid
embedded in another five-dimensional space with different metric (here
too all points are physically equivalent) :

Mads = {x € R>; x% = Nap x*xP = E%ﬁ}. a,$=0,1,2,3,5,

where 7.5 =diag(1,—-1,—-1, —1,
anti de Sitter space-time

. In anti de Sitter, the fifth
dimension is time like

) e L T g L -
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Space direction 318

ean Pierre Gazeau
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Energy of a free particle in AdS versus dS and Poincaré

» Each Anti-deSitterian quantum elementary system (in the Wigner sense) has a
rest energy

1/2
/ 3

+ —Fhwads , (1)

1 2
EES}S = |in'.'2{'34 + ﬁzwﬁds (S = —) >

2
with frequency wpgsg = w’% c.

» Hence, to the order of i, an AdS elementary system in the Wigner sense is a
deformation of both a relativistic free particle with rest energy me? and a 3d

isotropic quantum harmonic oscillator with ground state energy %ﬁw_qu.

» In contrast to AdS, for Poincaré and DS symmetries the energy spectrum is
continuous > mc?. For dS :

A 112 e
ESt = & |mPct — i2cP -2 (5 - —) ] . 2)
3 2
» Note the noticeable simplification in both AdS and dS for spin s =1/2:
fordS: EF'=+mc?, (3)
for AdS: EL = mc® + gfwAdS . (4)

1418
gan Pierre Gazeau
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Dark matter-energy in AdS spacetime

Permutation of identical
particles

—————— ——
P
<

Y

/

Tadpole diagram

+ sign: Bosonic mass gap

- sign: Fermionic energy gap
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SM bosonic or fermionic

field
Determinant of the metric
field
’ '—-~\\
l'l > ‘l
Self energy diagram
Notice the

simplification in AdS
spacetime for particles
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QCD Trace anomaly

(T )= —%[MNC —2N, ]<%(F:‘V|:auv )>O

The prefactor Is present in the contributions of all QCD condensates
The term In N, represents the contribution of gluon loops to the dark matter

The term in N represents the contribition of flavored quark loops to the baryonic matter

Stephan Adler, Einstein gravity as a symmetry-breaking effectin
quantum field theory Reviews of Modern Physics, Vol. 54, No. 3,
July 1982
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Holographic equipartition and spacetime thermodynamics
Holographic equipartition

N, = L?Iil ~; one degree of freedom (one bit) per Planck area
P
‘E‘ H 4
N . = k. T =—: |E|=|p+3P|V; V =
w12k 27 E=lp+3P 3H°
= Ny =— E___2p*3PV (for positive p)
1/ 2k, T -l

P = —pP (vacuum) = H*= 87T|—P2,0/3 g I\Ibulk - NSUV

Chirco et Al, Spacetime thermodynamics without hidden degrees
of freedom ArXiv:1401,5262v1 [gr-qc]
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Cosmology chronology : de Sitter and Anti de Sitter phases

Todayt, t = 15 billion years

Lils on sarh T=3K {1meV) de Sitter

Solar sysem

Gazeau, J.-P. Mass in de Sitter and Anti-de
Sitter Universes with Regard to Dark Matter.
Universe 2020, 6, 66. Available online:
https://www.mdpi.com/2218-1997/6/5/66

Qwases
Galaxy formation

Epach of graviiatonal calla pse

Recombination
Aeic rmdiason decouples (CBA)

Mzlter domination

Qaselol gradtational issabliy

Nucleosynthesls y
Light slemeats reated - 0, He, LI t=1 second

| T=1MeV
|

\ ‘E |
Quark-hadron transition l t=10 =

wmm de Sitier phase
Fadons forw - protons & nautons | = ° \nil d ry .
| |

|
|

Electroweask phase transition
Elecromagneic & woak auchar
forces become difisrenfated
SU (3] SU[2JaL1) -> SUEHA(1)

The Partica Desart
Axioss, ssgersymwely?

de Sitter phase
Grand unification transition
G > H -> SL{ARS U(2Jxu(1)

afaton, taryogenesis
wonopoes cosmic srings, elc?

The Planck epoch
The quantum graviy tarner
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Qpm=1/2Q, vanishing of
total active mass

The effective quantum vacuum
(visible matter set to zero)
Flatness Darkness Emptyness

,ODM + ,ODE — P\/ac — ,Oc IOVac +PVac =0 pVac +3PVac = O

3
Poe = Pr = Pc = Pvac ZEPA
2 1

Vac .yVac __
Q7 =23y =
oo =0 : emergence of matter in the remote past and

disappearance in the far future

The whole history of the visible universe from point o to point ®
is the one of a gigantic fluctuation of the quantum vacuum
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ACDM = Reconciliation of Einstein’ and de Sitter’ models!

3
Flatness sum rule p;; + ppy + Poe = £ = Py = = P

2
Equation of state of dilaton field (determinant of the metric) ¢

P¢
W, =—+=-1/3
Py
Puis T Pom = Pu = —PF; poe = 2P,
1
Pu =5 Pr =Py =—Phy

= py + B, =0 (Einstein model, static universe)
= pu + P =0 (de Sitter model, pure cosmological constant)
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Confronting our model with data and Planck’s results

When adding p,,, to po,* to obtain p, note that,
only half of p_ = p. (anti-fermion) has to be taken in account
since the fermion contribution remains in p,,.

So, equating p,° = % p,With — p. we have

Vac 1 . Vac 1 H 1] 1]
Pr = Pa +§pBar’ Pwm = Pwm _EpBar In terms of “omegas

QA:E+EQ
2

Bar

11
7372
Then, since Q,,, =Q,, —Q
1 3

Q. ==——0Q
DM 3 2 Bar

Q Q)

Bar

Bar !
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Planck Collaboration: Cosmological parameters

Table 2, Parameter 68 % intervals for the base-ACDM model from Plarck CMB power specira, in combination with CMB lensing
reconstruction and BAO. The top group of six rows are the base parameters, which are sampled in the MCMC analysis with flat
priors. The middle group lists derived parameters. The bottom three rows show the temperature foreground amplitudes -ﬁTz-o:n for
the corresponding frequency spectra (expressed as the contribution to IJI?:,_,:G: in units of (xK)*). In all cases the helium mass fraction
used is predicted by }31357 (posterior mean ¥p = 0.2454, with theoretical uncertainties in the BBN predictions dominating over the
Planck error on (k). The reionization redshift mid-point z,. and optical depth 7 here assumes a simple tanh mode] (as discussed
in the text) for the reionization of hydrogen and simultaneous first reionization of helium. Our baseline results are based on Planck

TT.TE,EE+lowE+lensing (as also given in Table 1),
°
Planck 2018 cosmological
Paramser GR% limits GRE limits GR% limits imirs
ib:.h’ . P 002212 + 0.00022 002245 = O DL02236 + D001 5 = 000015 002242 + 000014
R 01206 = 0.0021 01177 & 00080 00+ 0.0012 0.11633 + 000091 t
1000 . .- LOSOTT £ 000047 104135 = D00 1.04092 + 000031 108101 + D.0002% p a ra m e e rs
F e, (DR = 00080 10486 + § 0D&S 00542 + 00073 DOSE] + D71
WmOOPA) . L. D DO0LS 3085 £ DG 3084 = 0004 L1 14
By e, OBGIE = 000ST 0967 = 0011 05649 = 0,044 09649 = 00042 DIGES + D ONIR
Iy [km s~ Mpc 66 BR = 0,92 6544 =081 67.27 = D60 6736 = 054 E7.66 + 0.42
iy .. 0679 = 0013 0699 =0.012 06834 = 00084 0.6847 + 0.0073 1.685T + (L0056
ik, . 03 0013 0300 = 0.012 6 = (1018 03155 + 00073 @31+ 00054
Ig..’.-" . P 01434 + 00020 01408 + 00K [ I-ﬁ!-t:}:g;; 01432 + 0.0013 0.0430 + 0.0011 014244 F KNS
Sk Lo oL DOOSERE000046 006635 = 000051 0098170 MHE 0.09633 £ 000029 0.09633 + 000030 009635 4 100050
08118 £ 0.0089 0743 20011 08120 £ 0.0073 08111 2+ 0.0060 5102 1 G000
0,850 = 0024 0784 = 0034 0,83 = DA1S 0832 = 0013 0825+ 0011
LT s 13 A T 0587 2 0.012 6090 £ 0.008 1 LG0TE 2 (L0064 DE0E] £ DNEE
Zm oo eaeeaieas 7.50 + 0,82 EA R 768 +0.79 167 £ 0073 7824071
WA, ... ... 20920034 1045 £ 0.041 210128 2100 = 0.030 2.105 + 0030
WA L L, L. LERAEO0IS L&51 = 0,008 1908 + 0024 1584+ BT 1883 = 0001 181+ QOI
AgelGye]l ... .. 1383010057 13761 L0038 1365008 13,800 £ 0,024 +0.023
R €K Y 1088 57 = 042 1neTats 1089.95 £ 027 108597 = (125 108980 =021
reMpel. ... oL LMAS 2048 144.95 £ .48 14429 £ 0,64 144.39 £ 0.30 144.43 £0.26 14457 £0.22
1004, L LMSDAT £ 000046 04056 = 00008 | 0000 = O000RE 14108 + DN 104110 + 0 00031 108119 o 000028
T [ P 106003 = 11 54 10632+ 24 1058 93 + 030 1055 44 = 1) 30 106001 =029
g [Mpe] .. ... 147212048 147.89 £ 146 46 = 0.70 14708 £0.30 147.09 £ 0.26 21 £023
bpMpe™'] L. OA0S4 £ 000052 014043 = 0K 01426 £ 00012 D £ D32 18T = 0 OO 0.18078 + O.O0ZR
- U1 3349 £ 46 33408 £ 3402+ 26 3387
Q01041 £ 000014 001022 = 000014 Q010658 = 0000094 (L0105RL = 000008 ] DU 0339 + 0000063
34483 = 0.0046 04547 2 0.0M5 04367 = 00092 04450 £ 0.0030 0.0454 = 0.0026 14500 & 10020
31230 5 W4228 94227
..... 3AL20 322418 32119
..... 1082+ 1.9 1070+ 1% 1069 = L&
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Agreement within the error bars

Our model Planck’ results
Q, ;2), T ;QBM 0,666+0,049/2=0,690 0,6889
Q, :1)) ;QBM 0,333-0,049/2=0,309 0,311
1 3
Qpwm =3 ZQB‘” 0,333-1,5X0,049/2=0,260 0,261

Prediction for the ratio Dark
to visible matter

With N,=3, the ratio is predicted to 5,5 to be
compared to 0,261/0,049=5,326. It is reasonable to

consider N; as a parameter allowing to fit the
ratio
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Cold dark matier : Bose-Einsiein condensation of gluons in Anti-de Sitter space time

Gilles Cohen-Tannoudji and J-P Gazeau, Universe 2021, 7, 402
https :/'doi.org/10.3390'universe7 110402

» A parallel between dark matter and CMB :

o CMB — photon decoupling, i.e. photons started to travel freely through

space rather than constantly being scattered by electrons and protons in
plasma (QED effect).

o Dark matter — gluonic component of the quark epoch (quark-gluon plasma)

which freely subsists after hadronization within an effective AdS environment
(QCD effect)

» As an assembly of Nz non-interacting entities with individual energies
En = (n+ 2)hwaygs and degeneracy gn = (n+ 1)(n + 3), those remnant gluons
are assumed to form a grand canonical Bose-Einstein ensemble whose the
chemical potential i is, at temperature T, fixed by

Lo

Ng = ___on : (8)
gﬂm [L‘ﬁ;"-ﬁi{ﬂ+2 —H-]'] —1

» Since this number is very large this gas condensates at temperature

fwags [ Ng )”3
To o= — q
7 ke (r.:{s} ©

to become the cumrently observed dark matter.

1818

pan Pieme Gazeau, Sonia Garesu

nc

Gazeau, J-P., Habonimana, C., Signal analysis
and quantum formalism: Quantizations with no
Planck constant, in: Landscapes of Time-
Frequency Analysis, Vol. 2, Applied in
Numerical and Harmonic Analysis series, New
York: Springer International Publishing, 2020. :
arXiv:2001.04916 [quant-ph]

Cohen-Tannoudji, G., Gazeau, J-P.,
Habonimana, C., and Shabani, J. Quantum
models a la Gabor for space-time, in progress.

“Thus, the presence of a nonvanishing
energy gap in a superconductor implies
the existence of a ground-state
condensate of correlated electron pairs.”
Adler, S.L. Einstein gravity as a symmetry
breaking effect in quantum field theory.
Rev. Mod. Phys. 1982, 54, 729.
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Conclusion

“We have tentatively explained dark matter by actually asking a simple
question (!): what becomes the huge amount of gluons after the transition
from QGP period to hadronization? Similarly to the emergence of the two
validated CMB (QED effect) and CNB (electroweak effect), we propose to
consider Dark Matter, observed through its gravitational effects, as a pure
QCD effect. From our viewpoint it would be legitimate to replace the
puzzling expression “Dark Matter” with the realistic “Cosmic Gluonic
Background”.

Gilles Cohen-Tannoudji and Jean-Pierre Gazeau, Dark matter as
a QCD effectin an anti de Sitter geometry:
Cosmogonic implications of de Sitter, anti de Sitter and Poincare

symmetries
SciPost Phys. Proc. 14, 004 (2023)
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