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* AWE means also Abnormally Weighting Energy



vations demonstrated that the
is accelerating

o this acceleration ?

an we learn more about this acceleration, the Dark
ergy it implies, and the questions it raises ?

» The Dark Energy (and dark matter) asks the
fundamental principles of our cosmological paradigm



s a violation of a (Strong) Cosmological Principle or

al Theories behind the Dark Energy

sis (as a generalization of tensor-scalar theories of gravitation)
ification of DM and DE problems.

ral « dual GR » at cosmological scales

y the concordance model appears correct ?

* A natural phantom dark energy

* AWE dark matter as a time-dependent inertial mass
= Remarkable observational predictions

= Gravitation — Microphysics

= Conclusion and perspectives to test the AWE hypothesis



ion from Galileo to Einstein
> general motion of the observer »

/ of the free-fall (Minertial y Mgravitational) (10-12),
est bodies fall with the same acceleration

Ire or composition

orinciple: Test bodies fall with the same acceleration

ational binding energy.

elativity does not distinguish these two principles
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stein’s General Relativity is the standard model of gravitation

osmological Principle:
* The universe is spatially homogeneous and isotropic.From theoretical point of view, it

means the dynamics of the Univers is given only by a(t). We can specify the metric:

FLRW:
2
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Supemova Cosmology Project
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expands forever
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theoretical extensions)

odel of Particle Physics

al Paradigme: Concordance Model.

Concordance Model
ACDM
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Dark Matter ?

Dark Energy ?
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AWIi-iull problem.

—0.04, Q. \=0.2 and Q,=0.76?
al mechanism behind DE?
appeared so recently?

-energy physics behind DE? (~10-3¢V)

M and DE assumed of different physical origins
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Extensions to GR !!

The Hypothesis

“Einstein’s General
Relativity is the standard
model of gravitation” is Geometrical and Dynamical
conserved Interpretation
The Cosmological Extensions to GR can be
andard Model Principle is discussed interpreted as an extra

and energy-component
New vision of the Universe. in a « quasi »

theoretical extensions Friedmann model ?

There are numerous proposed models of dark energy




Cosm@f
Constant

gy

Chameleon.. . .\‘.‘

\AWE\hypothe.siJ

The simple cosmological constant can be seen as the
top of the iceberg of a deeper intriguing theory of

ravitation
g SEinstein zzij‘d“x\/_g{R-'-A}
K

*In the framework of Quintessence, L corresponds to the
limiting case where the scalar field freezes in a non-
vanishing energy state.
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*Quintessence itself can be seen as the limiting case of
Tensor-scalar gravity with negligible violation of Strong
Equivalence Principle (SEP)

§=S grav IS uv > (p]+ S matter Il’m > Amatter2 (q) )g uv J (NO SEP, WEP)

*Finally, there is a generalization of the non-minimal
couplings that embed the previous TST: the case where
the non-minimal couplings are not universal.
. 2
S= Sgrav uv 9(,0]"' ZSz Il’i’ Ai ((p)gpv J (NO SEP, NO WEP)

matter i

This would constitute the starting point of the
Abnormally Weighting Energy (AWE) Hypothesis.



valence Principle
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*AWE means also Abnormally Weighting Energy



tational energies

gy limit of string theory*

|
d,00"0 |

gauge? Agaug62 ((P )g uv J"' S fermions I‘l’ fermions » A fermions2 ((D )g v J"’

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

Effective metric felt by energy i (« observable » frame for i) g, = A,-2 ((P )g o

Gravitation: spin 2 (g, )+ spin 0 (¢) : NO SEP !
Non-universal coupling (A, ..(®) A,  ...(9), etc.) : NO WEP = NO SEP !
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divided in 3 parts

on) and spin O (dilaton) degrees of freedom and a
baryons, photons, ...), ruled by the equivalence

¢ (0}" Su B’MaAMz(q))g 7 ]"' S awe &,AWEﬂAAWEz (@)g i

k equivalence principle

Ay (@)% Ay ((D)‘

Observable Frame) mixed degrees-of-freedom

ary matter (baryons, photons, ...), ruled by the equivalence principle, defines the observable
and follow geodesics of metric not of pure spin-2

visible sector has varying mass
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Let us consider that the AWE sector is
a pressureless fluid and focus on the matter-dominated era of the universe

(P*M + 3]’% T Pegwe T 3P%WE )

vation equations !

Vo u awe +3a_p M AWE = Oy (90)§0P >X<M,AWE

C
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d d(Log(A O g\ Q) — Oy (P
| K(g) =LA@ )4 awe () = Oty ()
dloga d(p 1+pM@
pAWE((p)
1ated era are easily retrived if o,, ((p)= O ((p)= N ((P)
ds to no violation of the WEP and/or if p*,>>p* e

ped oscillator with a variable mass rolling down some potential given by the
rithmic derivative of the resulting coupling function A(®).

* Therefore, the convergence mechanism of TST with WEP is preserved despite the violation
of WEP.

= However, this mechanism will depend on the relative concentrations of ordinary matter
and AWE.



A\v(P), A wr(®P), the resulting couling function A has at least
> of the effective gravitational coupling constant which is

— a_(0)k 0:a_ (0)k0
---a (0)=k ;o (0)=k,
N - (@)K 0 C ()=,

Oy (p)= kM¢ s X g (@)= kAWE(p

kA(P2 kM(P2

Al@)=e > +Re 2 , aveck k, <0,

X(p)= dLOiEf;(‘P))

Resulting Couplin Function
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= All this formalism can be generalized for any e.o.s. for the matter and AWE component
(Alimi & Fiizfa JCAP 2008)



relaxation of the Weak Equivalence Principle
on Cosmological Scales.

pletes Chameleon Effect,

sis generalizes the models DM-DE couplings Das, Corasaniti, Khoury 2006: A4 ,,,,. (@) = A,,, () = e, 4,, (p) =1
, Khoury, Weltman, Brax,Davis, van de Bruck 2004: 4, () = eﬁAWE"’,AM (@) = ePr?

pwever the AWE Hypothesis consider the scalar field is massless
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= Relaxation of Weak Equivalence Principle on cosmological scales.

* Restricted WEP on visible matter (« normally weighting » sector)

* One space-time but two couplings Gy, and G,y (« minimal » WEP violation) corresponding to
different minima in the couplings functions



nsion accelerates,
E hypothesis ?
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o ° Best fit on SNLS data set
produces cosmic acceleration (P Idof AWE)=1.06, 7°/dofl ACDM)=1.05)




elating Universe in the AWE Hypothesis
1d’a  4nG, . 20" ( (dot, 2
7 d72 ~ 3 (pM+pAWE)X(1_3_¢,2[(p L—M__]_ZO‘M]]
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Acceleration occurs in the observational frame, for instance,
if 0, wip<O and P, wi>>Pwm




Blue: data from SLNS
Red: data from HST Gold sample
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Usual Matter = Baryon

AWE =DM
=
G,(9) =DE




SNLS data (biue))

Usual Matter = Baryon
AWE =DM
=

G,(p) =DE

“Measurement of baryons and DM distribution from SNe Ia alone!
*Independent predictions close to that of ACDM ! BBN CMB
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= A ruled out 16, 26 (HST) !, Q,, in agreement with independant analysisq”
= AWE Mimics a fictive exotic DE fluid with ghost equation of state (p/p<-1)
=Predictions on ; in agreement with BBN and CMB constraints




g Dark Energy to
oroperty of Dark Matter:

The Anomalous Gravity

Open Question:
Test of the equivalence principle on cosmological scales ?



odels ?

AWE Dark Matter as a time- dependent 1nert1al mass
' ;
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esis is a natural fundamental principle:
weak equivalence principle depending on
ns of ordinary matter and AWE DM.

eighting Hypothesis as due to extra dimensionnal effect
ation with C. Germani and A. Fiizfa)

erpretation of the Abnormally Weighting Hypothesis as a
geometrical generalization, dark metric and f(R) theories (in
colaboration with M. Francaviglia and S. Capoziello)

* Abnormally Weighting hypothesis as a Gravitation Symmetry
Breaking. see talk by André Fiizfa.

Thank You for your attention.



vitation ?

odel is that, besides of its
us to deduce a new constraint
sics and gravitation:

ution described above, it 1s enough that the matter and
e to be inversely proportional:

Ay (@) < A, ()"

ns that ordinary matter and DM have opposite scalar charges

e R. =[P %DM t—>+e) s the ratio at which ordinaty matter and DM densities
eze once the scalar field reaches the attractor @,

* From the cosmological data on supernovae, we find a R__ close to unity;
the scalar charges of ordinary matter and DM are exactly opposite.

R =126""(HST) , R =1.38"(SNLS)



ation ?

tant mass of baryons m,
tational strenght G,

tion of the product of the gravitational charges of baryons

henomenological law, directly deduced from cosmological data

g together gravitational scales and masses of baryons and invisible
matter glimpes at the intimate nature of gravitation.

The deep meaning of this relation constitutes a crucial question for the
fundamental approaches that aim to unify gravity and microphysics with
explicit space-time dependancies of masses and couplings.
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Thank You for your attention
Jean-Michel Alimi
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