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* Abnormally Weighting Energy



ging problemsin Physics
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me i al observations demonstrated
ansion of the universeis accelerating

S causing this acceleration ?

r.

" Hc can we learn more about this acceleration,
he Dark Energy it implies, and the questions it
raises ?
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//// nter pretations:

// simply a cosmological constant ?
P

-

at for the Abnor mally Weighting Component
/ /// -Infeld gauge interaction

altransent mechanism which accountsfor the Hubble diagram

////% e variation of G while accounting naturally for the present testson GR

ew candidat: toward an unification of DM and DE problem
= A natural «dual GR » at cosmological scales

= Why the concor dance model appearscorrect ?

= A natural phantom dark energy

* AWE dark matter as atime-dependent inertial mass

= Conclusion and Per spectives
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alnter than expected:
tly accelerated or (and?) Supernovae are not standard candles at that time
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effective mpg

Old « standard » cosmology
QTOT=Qm=1

Distance moduli
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* P.S. Corasaniti 2006



dences of Dark Energy ..

e Background Radiation (CMB)

tropic relic radiation of T=2.725+0.002 K

illar of the Big Bang cosmology
| tool to use in order to constrain several cosmological parameters
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Fluctuations (C?)
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energy density in the universe,

The Concordance M odel ACDM
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Dynamics of the Universis given only by a(t)

New energy-component (p) +toLM and DM:
Violation of the strong energy condition

” : p
a> 0if p< - =
7 s

Extensionsto GR:
Geometrical Interpretation

odel and theor etical extensions

Extensionsto GR can beinterpreted as
an extra ener gy-component in a « quasl » Friedmann model ?

*Reinterpreting dark energy through backreaction: the minimally coupled morphon field,
J. Larena, T. Buchert, AIM: CQG. 23, 6379 (2006), gr-qc/0606020, astro-ph/0609315, astro-ph/0612774



ological Constant ? e
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self in 1917 as a Mach principle-inspired

er GR not the cosmological principle and
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terpreted as the stress-energy term associated to the vacuum state which
e 9y

shing energy due to quantum fl uctuatlons
//// // \/kz— i 1076 Gev* (Regularized at the Planck scale)?

vac 102 Gev* (Regularized at the QCD scale)?
?

p/\ObS 4 pc,o / 10-47G8V4

energy effects with only one additional parameters

direct interactions with matter, consequently only modify cosmic

Not atrue problem:
Additive Integration-Constant in Einstein equations / Vacuum Energy




One could prefer suggesting a cosmological mechanism to justify the observed value
of the cosmological constant.

* Quintessence constitutes such an alternative explanation of DE (varying )
* Padmanabhan 2005.



d others extensions .
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as a Violation of the strong ener gy condition

i> 0if p, < ‘%Q(llf2 <<V(9))

e direct interactions with matter: DE-DM couplings, DE-Baryons couplings?

Violation of the (universal) equivalence principle!

Ratra & Peebles 1988, Steinhardt et al. 1999...
2 Amendola 2004, Khoury & Weltman 2004, Brax et al 2004, Das, Corasaniti & Khoury 2006, ...
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Enerqy In Perspective? s
///// ¢ Sp (5/5)

osmology |ceberg

® The simple cosmological constant can be seen as the

top of theiceberg of a deeper intriguing theory of
gravitation

1 —
SEinstein % EI d4x s g{R+ /\}

*In the framework of Quintessence, /A correspondsto the
limiting case where the scalar field freezes in anon-
vanishing energy state.

L 7 !
e ijd XR{R 26u¢ 079 + V(¢ )} (SEP+WEP)

=Quintessence itself can be seen as the limiting case of
Tensor-scalr gravity with negligible violation of Strong
Equivalence Principle (SEP)

4 e | o sep we
*Finaly, there is a generalization of the non-minimal
couplings that embed the previous TST: the case where
the non-minimal couplings are not universal.

s e, ot |+ Z, Si\w S AT )ng (NO SEP, NO WEP)

Thiswill constitutes the starting point of the
Abnormally Weighting Energy (AWE) Hypothesis.
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soupling => NO SEP, WEP)

msteln Frame & = 4y (9)e !

Id“xJ——[R 20,0 049 }+ S [wM “(¢)e uV]

ce Principle

v
ﬂl Do -3 Bl
p
’ J
Post-Newtonian Constraints
........... y-1= 2 e 10
........... y s (1+a§j
....... | ‘ da\ a2 ‘ 4
> B-1= —0 < 6x10
¢ | dg |, 21+ a7)
g <6x10 %yt

* Jordan 1949, Fierz 1956, Brans & Dicke 1961



llence principle .,
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0 gravitation
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|ona| binding energy
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energy limit of string theory*

2
w fermions > Afermions (¢ )gu v I t

> qauge |V 7 e2(¢ )gpv I+ Sfermions
//, : gaug

r field, A.(¢) coupling functions, ¢ « dilaton »,

7

/ ffective metric felt by energy i (« observable » frame for i) gl,v Z Ai2(¢ )g,,v

B

Gravitation: spin 2 (g,,)+ spin 0 (¢) : NO SEP!

Non-universal coupling (A ... (®) #A o mions(®), €tc.) : NOWEP O NO SEP'!

* Damour & Polyakov 1994



bnormally Weighting ? «.
|
s
|
o
otons, ...), ruled by the equivalence principle,

isdivided in 3 parts
(graviton) and spin O (dilaton) degrees of

~ / 2
guv 7 AM (¢ )gpv
g the weak equivalence principle

weld) @)= afe)ald) , AR @ o)
B e R 20,0 0%9)+ 5,0 4,0 )e,

2K
t SAWE[w AWE?AAWEz((p )g*uv ]

The Action of the AWE Hypothesis generalizes the models DM-DE couplings Das, Corasaniti, Khoury 2006: Aaz®) = Apy (9)= €, 4,(9)= 1
Chameleon, Khoury, Weltman, Brax,Davis, van de Bruck 2004: 4, (9 ) = el et A, )= vt
However the AWE Hypothesis consider the scalar field is massless



O ma |y Welghtlng ?
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dynamics
| losd, . .
Py 4 Y
/ m GR Attraction toward GR

Yy

y and Precision tests of GR today:

| |

// / /:%
D / process

/ /////// esof SNela

/// ation of luminous distance and G,

ost-Newtonian Constraints!
* The DE process should be TRANSIENT
Observed Universality of free fall

= Too few DE on small scales




or mally Weighting Component «»

A, (0 )2 % |+ Sl 4, 4,702, ]

// eld gauge interaction:

k smgularltl&s string theory, ...)

action is described by the Born-Infeld Lagrangian upon the field
Born-Infeld critical energy, €. - =, YM)

/ [1C
| . | /] 4
BI CH\/“ 28 Fﬂ F;,V-16€8(F” Fﬂv) 'IH—SC(R-I)

, ogies |th large scale massless homogeneous and isotropic gauge fields with gauge
p Sl //// and ruled by usual YM dynamics have been studied for along time'.
/7 e Einstein Born-Infeld cosmology with non-abelian gauge fields deriving from gauge
group SU(2) has been studied thoroughly by Dyadichev et al? for flat, closed and open
Spaceti mes.
* A remarkable fact about non-abelian gauge fields is that they admit non-trivial
homogeneous and isotropic configurations at the oppositie of their abelian U(1)
counterparts* 7 . G -
‘A Scalar fidld oty R* Jl— S WH sy H Oy )2y ¢

£ a'N° a £, a N

c

t Henneaux 1982, Gal’tsov & Volkov 1991, Flizfa 2003...
2 Dyadychev , Gal’tsov, Zorin & Zotov 2002



High-energy limit:

4 -4
(Nambu-Goto string gas) ,031 << Ec 5P By 0 a >
W
4
pB[>>£c QIOBIDazﬂ ol B]_)%

b

Low-energy limit:
Y ang-Mills dynamics
(radiation)

/ / Equation of state (w=p/p®
b
¥

;1 o:.2 03 0:4 |:5 06 0;7 08 08
Seale Factor a
*Dyadychev , Gal’tsov, Zorin & Zotov 200
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Acceleration occursin the observational frame, for instance,
If <0 and pg, +3pg>>py, P U a’




nor mally Weighting Component «

Acceleration
factor
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—— SNLSdata

— ACDM
== Abnormally Weighting Energy of Bl type l
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Effective gravitational constant GN (Go)
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15
Redshift ~z

Eqg. (23) o »
Absolute time variation of GN |dot(G)/G (yr™') |

Eq. (24)
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Observable scale factor ~a

| 1 1 |
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Observable acceleration factor ~q
5
(2]

08 20 40 60 80 100
Redshift ~z
A
qQ
' — Matter

Observable energy contribution ~Q.

== Gauge Field {
- Scalar Field

10
Redshift ~z
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oV be strongly coupled without contradiction with tests on
damental constants

celeration is produced while moving to the observable frame

ge Interaction acting as AWE

Deviation from GR during Bl domination then return to GR through attraction
mechanism

= Adequacy with Hubble diagrams (cosmic acceleration and variation of G),
constraintson GR and physicsin theradiative era

= Natural featuresfor arealistic AWE
= Alternative to the condition p<-p/3 for DE (test of the necessity of SEC)



'to DM and DE ..,
ik

A, (¢ g*uv h S awe AWEaAAWE2(¢ )g*uv ‘
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der that the AWE sector is

/ focusonthematter dominated era of the universe
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as one field system
AAWE(¢ ) - CM
(¢ ) 7 R 2 /jAWE
where
R. AM(¢) - p*M
0 eld)- 0, (0) L .

1+ R, Ayl9 )
ZAAWE(¢)

ter. ominated eraare easily retrived if @ M(¢ ) i AWE(¢ ) = [ (¢ ) , which corresponds
on of the WEP and/or if P *u >> 0 *yi

-

TST exibits a sophisticated convergence mechanism even in the case of very
' constitutive coupling functions

.,
B(p)= 0.0 1800 .) 0
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y

/ esulting couling function A
> effective gravitational coupling

(3/10)

kagh

e 2 ,withk k, <0

Resulting Couplin Function

lue ¢_ depends on the ratio of usual matter over abnormally weighting dust
/ petween the value of ¢ for which A,,(¢) extremum (when p* ,>>p,,,*) and

i

b for which A ,,,=(9) is extremum (when p,,* <<p,.e*)-



IS assumed to be dark and its gravitational collapse will be therefore quite
7 1o / abscence of the dissipative processes that allows usual matter like baryonsto cluster
red to DM at low scales.

phy:s /,‘ processes to which baryons are submitted will tend to make the WEP well verified at small

= The usual convergence mechanism toward GR with G, as an asymptotic value of the
gravitational coupling constant is acting on scales where AWE DM is sub-dominant, i.e. at low
scales.

= \We therefore conjecture that GR is verified on the very small (sub-galactic) scales at which the
solar system or binary pulsar system constraints on GR have been established.

*\We then interprete the Hubble diagram of far-away supernovae only in terms of cosmic
acceleration without corrections due to the variation of the gravitational constant for compact,
gravitationally bound objects.

®= The precise omputation of the deviations from GR with the scale would require a complexe
study of the structure formation in this AWE model.
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¥ sein the AWE Hypothesis
74 G 20" d
; . (pM+pAWE) HI'LE " H 20 HH

3 3-4" Dd¢ 35

7 4”600 M(a YR AWE)

Acceleration occursin the observational frame, for instance,
If aAWE<O and Pawe=Pwv
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R- AM(¢00) = R
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ﬂ(z) = m- M = Slog,, dL(E)
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FUTURE

— Usual Matter
== AWE DM
------ Scalar Field
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Density Parameters ~Q
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1 Per spectives.
7

.

n of t / g energy condition (p<-p/3)
low variation of constants

L // out contradiction with tests on fundamental constants
ficedwhile oving to the observable frame without violation of the SEC p<-p/3

...

//// ////;” C AWE

I | GR » at cosmological scales
9
///,////7?///, ce model appearscorrect, with a natural phantom dark ener gy

/// natter as atime-dependent inertial mass

7

Post-recombination effect on CM B

ffects on structure formation (G,(2), Poisson Eq., Inertiel Mass, Free Fall, Frame)
Tests of the violation of the univer sality of freefall on cosmological scales
Search for similar mechanisms for inflation

= (Gravitational) Topological defects



