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Far-away sﬁpemovae E

Hubble Dlaqram of type la supernovae SN
46 . .
45.
44_
" & : = 4
—_ %42-
3 4
e i E 4ol
T S E ol HST Gold Sample |
* ApJ, 607, 665.(2004) 2 — 1st year SNLS collaboration
+P. Astier ét al., e « Old » Cosmology (SCDM, Q_=1)
y g el 37} — Matter + DE (ACDM, Q =0.24 : Q,=0.76)
- : ‘ a5t
TP S gl R 5 8
' Redshiftz i T
' : T
Supernovae appear falnter than expected: i, " . p
Cosmlc expanS|on has recently acceleraied
or (and’?)

Supernovae are npt standard candles
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Cosmic Micro'wg_(e_ Baékground -

5 L. .
Anqular FIuctuatlons.pf Cosmic Microwave Bacquound (CMB)
Sl ' N EE T R i
| 5 "
@ | Total Matter Q ~h
6|
i
Bl hiie N Baryons (2, R*
b o 5 r =
& Geometry: > IR e ;
.Flat Universe (Q;~1) i
= =i
raln
] Present Enerqv G@m g7 a5 A N TR ST
5 Matter . ~24% ' -t Angular size of quctuatlons( )

* .. — Baryons: ~4%
) — Old Cosmology (100% Matt’er)

& s ‘| —Baryons, Dark Matter and Dark Energy
=>Dark Matter: ~ 20 % . - ' . Sy -
=> Missing DE: ~76%! . DN Spergel, etal, 2008, ApJ S, 148,175
: s 2ge _ +D.N. Spergel et al., ApJ, in press, astr.d-ph/060345f1__
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Baryo.n Acoustic Oscillation:
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N '% — SDSS Luminous Red Galaxies | * ~
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® Distance r (h"' Mpc) .
Large -Scale distribution of galax1és (Power Spectrum) |
2dFGRS : 0. 65<Q <0.85 at 05%iC.L.

'SDSS: Q:=0.24+0.02 af 95% C.L. .
‘ © +D. Eisenstein et al., ApJ, 633, 560 (2005) _

_ ' * +G. Efstathiou etal,, M.N.R/A.S. 330 (2002)

" . . *+M. Tegmark et al., Phys. Rev.D 69 103501 (2004)

i o iy i +M. Tegmark et al., Phys. Rev.D 74 123507 (2006) _
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The Concordan(:e Model of Cosmology

- 2 - C -
w . : P ey 3 -

- Energy Content
| of the Universe Today |
M 3ig Bang =18 _. (>95% c L ) 3 .

http://supernova.lbl.gov : ool 7 I Atoms ~4%
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'-'Rad-i;ations- :
« ~0.01%

Clusters

e 'Amoun.'t"of_”dark energy

- ACDM &
Age of the Universe.: "-. .
<= 14billionyears: . . * i -

Geametry flat




The AWE-fuII prgblems of /\CDM

Nature of Dark Matter (DM) AND Dark Energy (DE) _‘
> Why Q,,,,=0.04, QCDM—O 2'and Q,50.76?

. F:hysmal relation between DM and D.E?- oy . t A 3l

. Negative Pressures of DE .

[]

a et S ( 3 ; .. , - Violation of the .
L= — ) + 3P ) ' Strong Energy Condition ~
T . LS
a am B Rl | o S (SEC)
\ - | :

-
—_—

Comcldence Problem
5 Why+DE appeared-so recen]_y’?

@ o
[ga] &
| |

= Why these abundances? il =

> Which low-energy _phyS|cs behind, DE? %zﬁ

5 & %U.q-

Fate of the Universe e
e Eternal cosmic acceleration ~ ot L

| > de Sitter asymptotic state - = - . oAt

- (asymmetrical neh-trivia_l vacuum) . . 53
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S The Dark Cdsi#qugy Icébelj -

\

o maRl
o T
i

%acuum properties
Rl
Exotic Fluid
of negative pressure
' e A ¥

! AR
New gravitational field

g Y .
0 ,"r
/ A
Non-universality .
. of grayitation i
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What Iles b&und’the /\‘? | .

Grawtatlon 9uv A '
- _

o Minjmal Couplihg &
£ e g

F . 1 &

Invisible Sector < X >Vigible Sector

Frezen :Darf( Matter | - Baryons -~ Photons
: \éacuum | No Direct long- \
» ENergy. 7 ranged Interactions, .
cosmological Ry

constant A Dydarhical CoSmologlcaI Constant‘?

A5 « =New dedrees of freeqom' _
V,, [T#(matter) + TV“‘(DE)T alDRE s

-

& 21 : ? L . . . it : ’ 1
- ™= = Quintessence: Matter and DE conserved separately, only gravitational interaction
i Modified_Gravjty: Matter interacting with DE (non-minimal coupling)



4 i

Fundamentals of gene'ral Relatlwty

The Equwalence Principles (EPS) : o il | \
- Weak EP: gravitati®n is mediated by one universal metric g“V

-

=% In free fall, laws of physics are those of spemal relativity > SEE

= Strong EP ‘non-linear dynamlcs of gravitation (9, is the only one gravﬂatloaa]
Tt Jfield) : -

= Generallsed Principle.of Relatlwty
* « Laws of physics are independent on the generalmotion of the observer >

%

Einstein-Hilbert gravitation; - | 4
- IE 1 87 ql-/ Matter energy- _momentum |

R T

08 % QRg,uJV e —2— Uy

- et e Ml s
. De’rlvatlves of gw//— . el

. 1 8uv ="My * R g
Tr ) i ke or Vacuum: special relativity
i : : (I\7I|nkowsk|) or no space-time
' g ¢ guu—o‘ %

&

Conservatlon of Leng Durathn (Bianchi) and Energy-Momentum & A
N R“—_R5“> VT“?O il

of
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The Mach Principle and t#e CoSmologlcal Constant

Mach’s PrlnC|pIe S \

= Inertia and accelergtion are relative and defined with respect to the whole
“Universe
T/,w = () => gp,y —2f] No matter=> no spde-time. y ®

Ernsi'em s Modification of General’ Relatrvrty (GR) for Mach’s Principle: &
R S ,' Freld Equations e Geometry- Energy Cpnservatron

Pl

: ST 1
}EW | gRgrw — Ag= _Q_T/W -V, (Rfj - -_Réfj. — Ao* 0

=

If /\750 either Mach S Prrncrple T =0=g,, _O or de Sltter solution!

A does not save Mach’s Principle: S X
-alwa'ys a non-triviat solutron,for vacuum (T,,=0) (/\qu = de Sitter ;"A=0 =

Minkowski) . & )
- Unstable implementation of Mach's Principle (/\;é/\(x“))
> |If A0, Newton'’s theory is wreng!, - )

- de Sitter (/\;éO) non-trivial vacuum has no resrdual Porncare symr‘netrres*
Which vacuum for gravitation? :

s > Trivial (gw—O) o] non -trivial (Mmkowskr/\ 0 de Sitter A£0, Schwarzschrld Kerr

etc.)

© = gquantum rant UeSUOI’l| : ey . . : ' j
. g y CI e *8. Weinperg, Rev. Mad. Phys. 61, 1 (1989). _
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\..._Solution" N prevents defining_ehe'r‘g-ies a'bsolutely (T, gauge freédom) _

i e
Ly ] s o
Jo’ ( (
A

" The Unbearable Lijhtnéss of Vacuum
Elnsteln introduced A to reconcne Mach Principle with general relativity *

Weight of vacuum eﬁergy’? = quantum gravity and quantum field theory!
102¢V) " = 18 GeV4(Planck)’

1012ev) 2 1012GeVA(SUSY)
107ev) —,10—6Gev4(Q D)

L

AN prowdes cosmic acceleramn

prs R Peo = -871" Py ~ (10 ) — 10 _47G6V4 ,

\K/h,y' IS the _cesmologlc_al con.§tant so small?

| Fine-tuning problem!

Why is vacuum energy of the order of a present 6o'smologi'cal property?

L] = H
Coincidence problem!

T % T/u/ " PvacYuv = T (UCLC):O# Spv = Tlup



Quintessence, k-essence:

»

#

What Iles b(ﬁ\md’the /\‘? - 5

Grawtatlong pv

= ., Minimal Coupling - i
g, T8 R Frnit : -
Invisible Seg?or «<—X—> Vigible Sector |
Varying ~ Dark Matter ~ . . Baryons - Photons

~Dark Energy ¢

# (Effective) Rotential =7

Cosmic acceleration
if violation of SE€@

(p<- p/3)
©

. — 3 SIow-roII D

of

2 4!

<<‘>( )i

7 4

LI

T
«r— DE dof

+C. Wetterich, Nucl. Phys. B 302, 668 (1988) L

i L]

+B. Ratra &P.J.E. Peebles, Phys. Rev. D37 (1988) 3406
+C. Armendariz- Picon et al., PhystRev. D 63, 103510 (2001)
v (_3_opelanq et al. Int J.Mod.Phys. D15 (20(26) 1753-1936



Dark Energyd
: Coupllng non-minimally

What lies behmd ’th:/\" Interactmg DE'

L.

Grawtatlon g,w

.- Invisible Sector <X~

g

V|olat|on of the*Strong Equwalenpe Principle
3 (tensor-scalar gxawtatlon)

25y Varylng fundamental constants (G, a,
» etc.) : Standard ‘Candles?

> Adequacy with constraints on SEP?

L v : )
+P. Jordan, Nature 164, 637 (1949)
+M. Fierz, Helv. Phys. Acta 29, 128 (1956)

+C. Brans and R. H. Dicke, Phys. Rev. 124, 925 (1961)

I. >ViSible Sector

oo

SEP violation: g
G = A%(p) *

ik
CoSmlchcoeIeratlon

through deviation from

GR
a°® ~ A(p)a;

\
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High-Ene‘rgy Physics,
Quantum Gravity, etc.

" ..‘ i \AGawe(Qp..')

l-ibn‘ormally Wél'ghting
v~ Invisible Sector

T

AWE' Mechamsm ..

- Competition between dlfferent
- non-minimal couplings et

- No WEP = gravitationally bound
AWE objeets #grav. bound matter
ones = no SEP’ '

> AWE Dynamics allows to retftieve
locally the Equivalence-Principles:

i
-
T
-'|
M -
L, -
‘ ;
-
: |
b
F :
a
d P
LI ¥
-

What lies behmd ’thg/\" Interactmg DE'

GraVItatlon Yyiv -  High-Energy Physics,

Quantum Gravity, etc.

Normally Welghtmg
VISIble Sector

G ()
No WEP = no SEP
s §
= . ; ’ 5
Transient deviation from GR
+ = cosmic acceleration  * .

aobs _r’:j Am(@)a’* i

\
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The Dark cdsi#;_zlogy Icébeljg .

. - DE frozeﬁ inéfalsé vacuum _i
97“(11) = d4$ {R* } I

: A

l r‘b.. :

€ i DEWIth mlnlmal coupllng SEP! )
oy o t.mt; e vy [15)
£ gs! e SWagnl

e g Scalar-tensorgravi'ty ()#1

-, (WEP but fio SEP)  v" o
ngv[ — 0] -I-SDE A Smut [¢maA2 () :u]

)
Gravﬁ‘ahon W|thout WEJIrD !

S [thesr 42, () )+ S [wawe,Azw;@o_)g;iy]

L

I,Hl : lsi 2

A % Aawe

i

-
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'Einstei_n and thg Eqﬁyalenée‘ Prinéiples

e—— - 4 ‘
T Weak Equivalence Principle WEP |__-
Universality “ihaneas : el > Elg/u/
EEh (Einstein Equivalence Principle)
of graV|tat|on 2 : s . v
§ ¥ | o i
- .. g g : )
: f?ﬂ ; L e g - AR .
. e . Strong Equivalence Principle SEP | —> Dynamics of g,,,.
& - - Sy
. % - ¥ et e 2
o oitioh :
* : . . ; : o 1 o J iy ' &
: s F ﬂf. . Ly, 1
e - | -
” B § g8 " g - ol
\ 4 .-h_.\ . £ A
o @@ e @® |7
F N : -
j ; ] - A Yi
- o - - ; _'-llu A
- . =gl » Sy - a : - .
Anywhere e g
in space-time, . By : : .
far from matter L iier, A a g
bt A _ ¥ Earth ,
P There is no way to discriminate locally
% ' - . . .
between acceleratlon and gravntauon Ti
e - | R e e el Rapte 1 Generalised
* ¢ ; : I VVllII HUF™ HICIVILGLIUI |a| CI\IJUI IIIIGI ILO : prInCIple-—-
\ of relativity

g ...__e\/en with gravitatidnal experiments!

- 1 -
' & -
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Gravitation without Equivdlence Principles

¥

L i

i e 2 A b " \

W o Strong Equivaience
AT : b, “5Ep

Space-time

-

Grauitation | -

" Gravitational

-'l- s ‘. _- ﬁ' W : Strength m z, ; : . . ik
- < e
: + p(Barth) £ ¢(Moon)
\ - : '
" g \

- he
- P ' L1
ﬂ-l " >

| Matter| A ‘

_ " WealvEquivalence.
A Tk e - Principle
o |? e e

. \ : .
1 *Partlcle_s m(xH) | :
¥Forées + .%o el G
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Scalar-tensqr t,heorles of grawta!:lon

/7\\ .| Einsteif. Frame gM—A ('SO)QW Observable Frame |
A Separated DOF}| . = @ ﬂ R Mixed DOF =

- S £ 3 : ' =2
_ —Bare _Space-’qrpe' v B ' 'gf.“/ Effectlve metric felt by matter,
—Running coupling ¢ e . ». suited by'fhe scalar field
— G =G, =t v pirae ] G =G, A2 (@)
_ll\/lach P_r|n0|ple ; NG . : m
oy : m*(go) s Hypothe3|s me°bs _ ¢t
. T i) = i TN
* GraV|tat|on i i ] For : \WEF_’

- spin 2 (gﬂv)+ spin 0 ((I)) NO Strqng Equwalence PrlnC||5Ie (SEP) ' -

T, o Unlverfal coupllng function A (d)&, Weak Equwalence Pr|n0|ple (WEP)-
74
S-g’i“aﬁ — d L LR g/“/auspaygp}

'Ssource — S ¢m, A2 (¢ )gzy] . o A @ metric screenlng
_ o= 3 " & &alar gravitation (dilaton)”
. . matter field % -




|‘I 'y ,‘ F ]

/7\\ | Cosmology &lthdut SEP ~' -_ .

Dynamlcs of the runnlng coupllng ¢ Ig Elnsteln frame - i \
dlog A,, -l (e
@+ 3—90 o 704 ) kot — 3pt) = O () = ;gdgo @ s %
: .‘ e, ‘.' i . B V : i "’;-1
oo 2 Vi ’. . y—=1<107°
' L | 0 b LT e
| General Relativity | e g _‘ P

o~

-
& L

N

Radiation-dominated gra:, . ;
- decoupllng and damping by cosmic expanS|on it .
=3 Step- by step convefgence around phase transitions of relat|/|stlc partlcles (kT~mc?),
Matter-dominated era: attraction mechanism toward GR i

Adequacy with SEP ‘constraints: -, - & ' ! ‘ | :

s i : ; =
GR reached globally tc)d.ay _- . ‘+A. Serna et al., C.Q:G. 19 (2002) 857-874
. = Scale-dependept SEP viofation?, _ . *T.Damour &K. Nordtvedt, PRD48 (1993)
P ' +J.D. Barrow, PRD 47 (1993) - "

| -

L =



A, The AWE Hypothe5|s

X Effectlve theorles-of grawtatlom;(strlng theory, modified gravity.. )

' Sgrafu_l ;-Q..R* /\/ g*d4m {R* 2g“~’/8u(,08,,gp} ; -G-
1Ssoufr-'ce*— S [meAZ ( )gW} = Sa,we [wawtw awef( )g;,;} l
* Ene'rg-ylcontent of-the. Unlverse e ; _..' | : l Py f
- ~The ordinary matter- (baryons phot@ns P - .
led by th k- I & % n ' .
o — . G

o Abnormally Welghtlng Energy (AWE) sector wolatmg |:>
the weak equwalence prlnC|pIe e

* Observable frame:

dgrav = —/ ‘\/ﬂd4~ {(I)R - C‘)(4§'-2~MV8 <I>8 (I)} + Sm [wfﬁgﬁw]—l_J o

A - . Aawe :
o a-we -|Z¢ciwea (—14;)

ey s -

UJ

@)

|:>/mawe d§ = l'. g’

: *T.bam‘Bu_r, D. Polya,lgqv, Nucl PHys. B423 (1994) 532-558. ™
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AWE Hypothesis as aﬁ_{lach-bir‘ac_ Pi’inciple

¥

i " .. L . y ‘
AWE frame " Einstein Frame ' MATTER
- B g el TR Observable Frame

. a7 % - :
“Guv —-Aa;we(@)guv Wt —>Bare Space- tlmeguu

. % T \ » agRunning coupling %
Bl el B )
i \G!*Aa"we(gp) Sl | i . B, hd

Mach < Dirag:

Mamch-l_)ir_ac Princiﬂie! 5
(observable frame) R )

L] L]

-

RO M|n|mar » WEP V|olat|on one space tlme but two coupl’ngs G and (€ A
AWE competltlon W|th matter SEP V|olat|on' (no WEP E>.Lno SEP) ‘\



Cosmology without WEﬁ‘the*AWE‘comoetition

AWE Competes W|th Matter in the convergence mechanlsm toward GR

L K«

L i ” e Wk o 2 & -
Radlatlve domlnated era: | o
. ey BBN and CMB constraints on WEP violation? - :
+ = AWE should be sub- dominant or decoupled at z™ = only possible SEP,violation:

i

- .
s ™ *ocal va|idit,ofc;if'%">\;; .
:.pl e (/ R )‘ £y : J
A) wValid on cosmological scaleg today B) Scale-dependent SEP violation
AWE Born- Infeld Interactlon .. AWE Dark Matter
(pawe*ﬂ) w i | : 3 . . (pawe*zfo) i
. Cosmic accéle_r'ation i oL (‘Zosmic_’acceler‘ation , :
=+ and local past variation of G i DM-DE unification ~ _
+A: Flzfa, J.-M. Alim.i, PRL 97, 06130% (2006) ' *.  tA Flzfa, J. M. ‘Alimi, to appear in PRD (2007),

+A. Flzfa, J.-M. Alimi, PRD73 (2006) 023520 b i astro -ph/0702478 i -






The AWE Dhrk | Matter .

A pressureless matter for AWE = S|mpI|f|ed dynamlcs & \
" ~ dlog A
' - 90_/ T+ = 7 (v >: (0)/:a*%@,.
. o o 3 — gp 2 & S i dgp y J ‘ i Ea*,
LR e Ao - Bt e
DAY = Anle) + e
i A(p)a - i i
RSl . GR-ike attractors i _ + | . i 2aps e
{ Al 0) = kB ] - ono ', ' | 7 Ll
| aawe(@).!: _kaooSO _ i gt ; . ; *

{ m(P)= K -
o aw490> _k_ 'Roogpoo B

Attraction mechanism is cth}ervéd but becemes density-depéndent!

Pm - i +J.Khoury, A. Weltman; PRL 93, 172204 (2004
Poo = O‘m(gpqo) ((‘P‘oo_) R Oéawe(%q) =0 PRD 69, 02/14026 (2004) ( )
g Al Pawe . % +P.Braxetal., Phys. Rev. D 70, 123518(2904)
. 5 ' * +D.F. Mota & D. J. Shaw, PRL 97151102 (2006);
Chameleon Effect! [ , - - PRD 75, 063501 (2007) \

" _ +D.F.Mota, J, D. Barrow, MNRAS 349, 291", _

=



AWE makes Equlvalence ?mcmle scale-dependent'

Attractmg values of G (‘P) : | i - \
157 p—— N _ i GR: - -
o Omlve) R D
. ~N [P AWEs 43 T
™ ~ sub-dominant { U () = ko |
Rz 1 | 2 -c ; : O‘awe(w) S _kaooso
iy I GRIR3R g Fe o - i
i AWE is normally '
weighting = %
WEP! :
i :
¥ .
O , |
WEP and consequently SEP violations depends on AWE concentratlon
AWE and matter collapse differeritly Mol o /

- EP violation is scale- dependentI - : -
TR AWE is dark=> matter is domlnant on small scales but not on cosmologlcal ones1
= Explanatlon for the local valldlty of GR (WEP= SEP)
- = SNe la; Cosmic acceleration*and not.local variation of G
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Large -scale cosmologlcal dynamlcs

->. Free parameters: R and coupling strengths k:

. b

Kk

m’ awe

> c|> starts frozen at CMB near GR values

- = :
-| Fate of the Universe

AWE DM
— matter-domlnated
Einstein-de Sitter

‘Universe when GR is
retrieved :

L2r

15

Future

II-
40

U %P, Astieret al.,

AWE Dark Matter, and* osmlc acceleratlon

Best Fit Models
frotn SNLS data*{ -

AWE DM : (3DOF) %
—x?/dof="1:04
(Q.,.=0.26, Q,=0.04)
— x?/dof= 1:05 .
x2/dof=1.04 .
ACDM (Q,=0.7 ; 1DOF)
—x2/dof— 1.03

A&A 447 (2006)

' ACDM:/
— A-dominated ‘de .
Sitter Universe, eternal i

cosmic .accelerationr .

v



Could AWE be Cgld D‘ark Matter‘?

Likelihood anaIyS|s of SNe la Hubble dlagram (prellmlnary results) \
-

AW%Predlctlons

(>1BGyr at 95%C. o )"
— Q._~0.05 (<0.15 at 95%C.L. )
— Q,,.~0.2 : |
13 T R 1|a 200  «@05 0.1 015 Qpe~0.75 ' : ;i
_-Age (Gyr) - % le % & '

ey

ol

‘. Likelihood

&

AWE = CDM

Matter :>‘bar—y9ns

L ikelihoad

L ke oF

&

01 02 03 04 06 08 07 08
Q .11 a o QDE_ ! P .

awe

| -.Independent predictions similar to that of CMB ! . : =

‘Measurement of baryons and, DM dlstrlbutlon from SNe la alone!
~ *Data from P. Astier et al., A&A 447 (2006)_
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AWE DM as a press'urg!ess' « pliant_em » DE

¥

©
LA

Effective equation of state

.
L]

ko

a

| 7 R e 15 % z0
R Redshift

Negatlve pressures are obtalned in the Observable'Frame due to WEP
violation P s s . . i

_AWE D prowdes stronger cosmrc expansmn than ACDM and mcreases )
the age of the Universe by a few billion years ' '

o

\
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Mach-Dirac Princ}ip_l'e"a#ql High?Ehe_rgy Physics

N \
(15 i
@ 41 Today >
' O t .
= J. . g
o e
- v O 0.8 mawe S Aawe(gp)f‘“
. .. : -l e :
kil "%d : .
R — Einstein Frame i i i
O 0.6} . ~ :
" il i — Observable Frame N A AL
i £ ] * = G #
@ maw_e *
RE B
0 .
2} ;
(© \ .
~ Ty = 0.2 - o
- il ST, B sy e B e n
. il Temperature G\ -

A mass scaling of ~30% accounte for cosmic acceleratlon !

Which candidate for AWE particles from HEP? ' . /

- Mass variation around T~-10 3 eV’? : : i

r ‘+A. Ringwald & L. Schrempp, JCAP 0610 (2006);
_) ’? .
-, Mass varying neutrinos? . +A.W. Brookfield et al., PRD 73, 083515 (2006)

> Induced variation ofG P T " +R. Fardon et al., JCAP, 0410 (2004)
i \

‘Numerous |mpacts on 1arge _scale structure formation! A e

L
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AWE DM and cosmic éoincidence .

i . T

ik Y T~ (Kower Poms) for which

i awe i H‘“‘“H--HHE-—E Q¢~Qawe+gm at Zc=1.
e E“H T 't . ' -

i I | : e
.,H L] - ‘:‘"’ ;

—R, =05

10 |

awe .‘
B 107 e T §
e b o US e 10 107, SQC’MB -
LY i ' , - r = .
Couplihg constants k, k,,, of order unity .
- ensure late cosmic coinciderice Fagwe S
> Coincidenge arise for a wide range of initial conditions at CMB
- Duration of transient cosmic acceleration compatible with data ;e L

L

Improvement of the Comcrdence/ﬁne tunlng problem of ACDM by natural-
‘assumptions on*couplings - * He e '

-

-
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The AWEsome pfd‘p:rties' of ﬁark_Matter

Nature of DE? = Anomalous grawty of DM (myu(9)) \

> Cosmic acceleratidn from a Mach- Dirac Principle
- Adequacy to SNe la data with different’ parametrlzatlons S :
- Imdependent determination of Q.o &N QDM from supernovae alone! A

T Explanatlon to why concordance cosmology appears carrect . S i
=3 Scale dependent V|0Iat|on of Equivalence Principle *

]

]
-

No need for nega'tive' pre.ﬁures _
- thost equation of state (p/p<-1) from a frame effect
= Larger age of the Universe than in quintessence, ACDM
dolnculence Problem T .
*» WEP violation yielgs g competltlop between different non- mlnlmal couplings
> Couplings to scalar mode ¢ of the same amplitude of those to‘the tensorial O

> Variation of DM mass around T~ 103 eV s p
Fate of the Univ‘e'rs_e"' : ki o : ; : r

' Transient cosmic aeceleration . - ' . el B
. 2 Einstein-de Siffer asymptotic.state - - S

=
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. The AV Esome gerSpeetlves it e
2 HoF Large-Sca1e Strudures .
. * [weak- Iensmg-| "‘" 5. A i . 4 DM/baryons virialisation | « -
o Photons do not feel ¢* dlrectly Sl i ! N test of thé uﬁlversall_ty of fre_e
- L|ght deflectlon y Cd y ~fall on cosmplogical scales! -
4G ™, s ol —8tructurg formation ' _
L Ae ¥ (1,’“}8 B £ 1 - ::- . - - -. R m rg (Sp) - » - e
i az A ))-b02 adl e
~ . 3 ’-‘ LN
'., ? s . .
' . i . .ﬂ ,_r' ¥ .. ¥ - i M
# v % . "9DM free =1l P". i. - § -2, | SCAle depende.n.tlEP i
| w il { =} DM/baryons clusterlzatldn =
Q;M _"[_ I‘M CIZ gk a_.ldg{mawe ‘0 : - (X“5 ; _ # j . ‘.
| . aa: - - "= Modifigd NeMon 8ynam|cs
. .’ 4 . " . ..' . ; 3 |n pm/pawa
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- Some other,AWEst_m_e_perspectives
a . ; . .. L : .. \
Physics in the radiatjve era and beyond:
- Influence of WEP, violation on convergence, mechanism
> I;ntlal conditions at the beglnnmg of, matter domlnated era |
s & PoSt: recomblnatlon effect on CMB : : Sk el

Breathlng Iﬂflatlon e S
I\/Iatter ) :

If AWE particles are heavier than matter ones . ¥

S"™AWE becomes non-relativistic : - early kicks downwards and
S breath of acceleration®"
>

- Matter becomes non- relat|V|st|c convergence mechanlsm

Converge’nce before BBN’? Tunlng’? Reheatmg?
- * - - Perturbations?

. 4 .
Large-scales. structures : - | 8

> Test of the unlverSallty of free fall on cosmic scales .|

Impacts on small scales physics: .

- Amount of AWE DM on small-scales? * ° | i ; - \

> Fifth force constraints, unlversallty of free fall, deV|at|on from GR '
. > Effective mass of o et £ \

=

AWE .

L

e



A Born-lnfeld (BI) Gauge Dynamu;s

* Motivations to go beyond Yﬁng |V|I||S dynamlos
— Renormahsahon of point-like smgularltles '

- Bra*nemduced Jgauge mteraetlons and open strlng theory
. - ]

2

-

b !

A ! N

= '. L . oy 3 ™ S - e
* Bl gauge interaction in cosmology (V.V. Dyadichew.et al., Phys. Rev. D 65 084007)
. LW ; - [} = F , &

!
)

High-energy limit:
Vacuum polarization
(Nambu-Goto

st.rlng gas)'

s 7 5 \#

7

Equation of state wy,

/

Pe/Ps

a5 O8 a7~ 248 0z

cale Factora _

-

L.ow=energy limit:
~ ~Yang-Mills dynamics
. (radiation) *

~ w

| " Phase tfansition



AWE Born- Infad Interactlon -_ ’

L.

Cosmology with Born- Infeld gauge mteractlon1 | . i,
ngh-Energy: p/p=-1/3

i P (pm o) DeV|at|on /L/ I:>£ub-dominlant AWE
Low-Energy: p/p=1/3 |  from GR // ‘ ' : oA T
. (radiatron) i |/‘/£ (1)33:1/0\(;7E()ggglzc)hev et'al., RRD65
: ':'?”dQCOUpled. '?\WE and + " w2) E. Gaztanaga et al., PRD 65
. -convergence to GR ‘ / ’ 023506 (2001): A. Riazuelo, J.-P.
. ., / _ . |+ Uzan, PRD 66 023525 (2002)
- TOday —) — Mlattar : ] ;i S ik
|t . 10r 1+Z :
Variation of G and Sﬁ‘e la Hubble dla%ram2 - ‘ :
! m.—M:25+510g(dL[Mpc])+Elog( n(2) ) | Gy :G*A%,L(l—l—a%;)
-r ' GN(Z =— 0) , : . =
K| Deviation | ’ Lk PN Cosmic Acceleration 1
L] A= $ - -
from GR . o
; |' decoupling: s |
......... VST P convergence
: IE . . Lol
_hq_—__'—_‘—*—— - . g : ;
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E". —— Gauge Field |
L — Matter

p — Scalar Field
10° : 1= —
. 10 ; 40 S8 e TR
.—_ Redshift 1+~z ‘ :

- AWE (daif) Energy—domlqpted
Uniyerse today
" (CMB, LSS)

. . AWE Bopn-Infeld Interaction,

11!'.'_'1'1”
r
S —T
190 o in s
— 1] :
i oo - . n
e | Ahsolute time varniation t::fGHIthl_’G}J'"EI fyrh r :
Bl 01 pr”
4] Q.2 0.4 0.6 T 0B AT

Chservahle scale factor ~a3

“s

o (':-bnstraint!on
~  General Relativity

today OK! -
. A Fuzfa J -M. AI|m|

__Phys, Rev. Lett. 97, 061301 (2006) -
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AWE Born: |nf§d Interactlon -

Advantages of the Born-Infeld equatlon of staté: * - i \
Late process Pei= p|3|/3 Pratter™ ~0

Traqsrent meohanrsm phase transrtlon to posrtlve presgjres Pa= pB,/3

f

- Does not violate the strong energy condltlon p< p/3! Telar: s
Late deooUpIrng to the scalar field (pg=pg/3) : QB|>Q and PPN OK'

v
=} % -

Natural features {o] a reaIrsm: AWE .
Alternative to the condrtron p< n/3 for DE (test of the necessrty of SEC)

-
& L

-

! &

- 2 i - # - - [ =1
] .

Does the AWE mechariism Work also for srmpler equatlon of state’? For
different set of coupling functions® o

Do we need the requirement of gIobaI convergence? (scale dependent SEP)
Another naturaI candidate for AWE? . . -

S P o WWE Dark'l\/latter "
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