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e Why. Dark -.‘Matter-Da'rk ‘~Energy i‘nteractions?

L e ' .' . |
* Theoretlcal problems of the éosmologlcal constant N . e
— F|ne tunlng & 00|ncidence m&erpendent nature of DM & DE, orlgln of negatlve pressures
¥ o 5 Bl : . . o ; -~ "

~ 4 : R

* A c,osmo‘logj‘cal AT for DE?»

 — Dyrfamical DE =_new degrees of freedom - gt ;
P ~ o SR N o8 o Separatelyconserved QUINTESSENCE

L - | i . (onIy graVItatlonal |pteract|on)
B AR et o R e s
£ o i b e b T ,Conserved together: COUP’LED DE "

. | | ' Violation of the ® ,'- u
e equwalence pﬂﬂCIpleSI uT ( )75 0

* New mterac;tlons' toward"a umfled physﬁcs of the dark sector"
: £> Same physical nature for DM & DE ; new insigh{s_on comcldence and nature of DE °

** Famous examples' ST : -
’ — Extended qumtessence (Perrotta'et aI PRD 61 2000, Rlazuelo & Uzan PRD 66 2002)
s Coupled DM- DE(AmendoIa PRD 62:2000, Farrar &'Peebles ApJ 604 2004)
— Mass Varylng Neutrinos WEVEINSE growrng neutrinos

(Fardon, Nelson, Weiner, JCAP0410 2QQ4 ; Peccei, PRD 71 2005 Wetterlch &hys Lett B 655'
2007 ; Amendola BaId| Wetterlch PRD78 2008, etc) :
_ @ :
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without equivalence principles .

»

%

- (EEP): .

n quivglenqe-p.ri_nciples’: |
-2+ | Universality..of gravitation
Einétein Equivalence Rrinciple '

non-gravitational binding energies

- EEP violation: *
%_)upled DM-DE

B

_.Non-universality
of'free fall- -

-

- '

V \| AWE Hypothesisf,

MaVaNs, chameleons, etc. -
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| No EEP.=.4no SEP | -

m(xl;) :> G(x¥) ~

T

. Strong Equivalence Principle - |

- ®©EP): -
. any type of-binding energies
4 SEP = EEP .

.Gi‘avitaticjﬁa:l__ﬂbinding--inerby:' "

- SEP violation:
' Extended gdintessence
Brans-Dicke tensor-scalar theories
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The anomalous welght of Dark Matter

Interactlons in the.dark sectort - .

— Variation of QM mass | s,

— viplation of the Equrvalence PrlnC|pIeS (EEP and,SEP)
= No EEP non- unlversallty of free fall’ (DM vs ordinary matter)
:>~No ECR = no SEP: varlatlon of grawtatlonal strength G
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— Dul-mduced modlflcatlons of grawty .
=.Negative pressures are no more requwed for producmg cosmlc acceleratlon

.
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* The AWE Hypothems' a relaxed equlvalence prmclple

———————————————————————————————————-— ——————————

awe [qvbawea MZ(CI))

SEP V|olat|on
(varylng G)

W,

" See Jean Mlchel Al|m| S talk

- '

- AWE also means.

&« Abnormally Werghting Energy »f ®

. o

" EEP relaxation
(mass varlatlon of dark sector)‘

sl Damour et al. PRL 64 123 (1990)
 +J.-M. AlimiJA; Flzfa, JCAP#809 (2008)"
+A. Fuzfa, J.-M. Alimi, PRD 75-123007-(2007)

B
e ke
. +A. Fiizfa, J.-M. Alimi, PRL 97, 061301 (2006) .
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A famous example of mass-varymg DM the axmn.

Global U(l) symmetry (eg Peccel Qurnn B L, etc ) and new comﬁalex scalar

X Spontaneous and exphcrt symmetry breakrng :
. L|J acqwres avev o 3 b
— 0 acqurres a mass the aX|on

* Cogmological implications. =
— pNGB quintessenc'e'r"nodel .4
. ':>)\ ~mP|1 A m

- —. Late-forming, dark matter
: B /

-

* Axion-like DM has a varylng mass

A —>vrolat|on of the equrvalence pnnolple around phase hatisition . e

— Why not a gravrtatlonal mechanlsm for vev stablllsatlon’P '

+A. Arbey, PRD 74 (2006) _ .

it Frleman etal., PRL 75 (1995) B . - +5S. Das; N. Weiner, astro- prﬁ)611353 '

+L. Amendola, R. Barbieri, PLB (2006). "~ "',
+B Mainini, S. Bonometto, PRL 93 (2004) . @

g
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Spontaneous pontaneous i exp||C|t

.eﬂ&. fix (T)“ (1 + cos ( i))

« DE »

5 V(e) /

+Kolb, Turner, 1992

~ +Copeland, Sami, Tsujikawa, IJMP D (2006) .




A mechamsm for grawtatlonal symmetry breakmg

* Alternatlve to SSB LIJruns cesmologrcally .and rules the EPs * i
zG/A

' — W has non- rrummal ‘couplnggs to gravity: \If 0.6
— W.does'not couple in the same Way to ordlnary and dark matter | g
L3 AWE Hypothesrs <W> is now stablllsed by a qravrtatlonal mechamsm '

—l————————,— —————————————

,:_ rd {qa (wh k= (w)a, <I>a“<1>—8 q,(@uq,) +V(I\If|)}

__________________________

&ep V|oIat|on St - EEP reIaxatlon |
i o - (varylng G ‘ ; (mass varlatlon of.dark seé:tc_)r)‘
* After eprrcrt symmetry breakrng ‘ oty A "
- : » 2 Ve = 9\3 — 1 s cos %
CihaT g i )‘g » ‘)‘g- ,
i . o o
/m fom = 8 pa) o e
~ _. iy e s
. ‘ [wmaguu]“F SG LH 'M ((I))g,uju} s with Y —
* COSmoIogrcaI |mpI|cat|ons e e > s e >‘g.
e Dark Matter the axion (pNGB) O 9 i :

— Dark Energy o) stabllrzatron durfng accelerated expanélon .

@




Scalar fleld stablllzation m the AWE hypothe5|s i

§

“* Decoupled Kleln Gordon ec]'batlonm Emsteln frameq) A (QO)M(CI)3 Aaw?((#;)
g2t dln_A(so% EIE o O i

. T -
T sl |
- | d(b) e Matter Am((l))
() = e, B TP/ Puuelo=otn - Liw 2
N . i Al : - ;s b
"’A (o) * - AWE : An(9)
® - : AgqwelP) Coauled L | s L
A(SQ):,'Am(-SO)—'_ T e LT i o
G _ g o
” A . ] . ; " 3 ' b | Ty
. R=0.01 i — n
Ri?Q.l.
R=L ,
R=10
/ ‘ . . ' qy ‘." 3
! e -
43-M. Alimi, A, Fiizfa, JCAP 0809 (2008) ' - ~'

.

+A Flzfa, J.-M. Alimi, PRD 75 123007 (2002)
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Why does cosmlc expansmn accelerate"*
. . Bt - ‘ . | *Accordlng to the AWIiHypothe5|s
* Observable _acc;elé‘raﬁon félgto‘r: : e .
_ = da e o ‘- ' e "Bestflton S‘T\lLS dataéet _ ./
L m(3 d;n & 2) £ 60%90 oo (x2/dof(AWE) 1.06, ledof(/\CDI\/I) 105)
AR 3(1+am90) ) | I N R
-

Ve A ~N B o\
"GN G" m@—5—@m
) ,g*UV ' ‘ "(b 3
‘| 4nGAL(p) o
e 3 }74‘ .3amaawe) Pawe Lo S —————
y 5 g " J Pl ‘. e : . ‘. Y .‘ i e : i i i L i i i
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Ve e p . » Ny ,_
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*. The scalar fifth force induced by DM produces the cosmic acceleration!
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Predlctlons on cosmologlcal parameters -

.= R O W Comblned HST & SNLS dat&sets -
Oz o .‘HST Gold Fa > .
2ve ) e Sample 8l /dof(AWE) 1 12 X /dof(/\CIM) 111
| +. 9@ SNLS > T
| & — R -0. 13*0 oo o ~ Matter @baryons
o 5y Qm —0.05*0- 06" 003 4 AWE =CDM
; S Q _O 24+OO ® . v+ '. : "  ;
® 0250 4 T . '-O 04 2 : c
2 L Q 071*004 e L ,d){nzimlcs = DE
i | T
e o 13 85Gyr+o- 19 GG i .
| 2 . ‘(forh 0:7) R ._' S e v Y
E Tl T e s Radialions |
’ el i S e s g - DPMaxion o
S 005 dit 05 o o - 1;9'30; _ 24 y ]
e O - L <l s N :
4+ Measurement ‘of baryons and DM dlstrlbutbn e AR G TR ¢
' fr’om SNe la’ aloneI AR L g i \Q r\\ i N R
: ‘o o'10., O o : .1
+/ Consistent with CMB &BBN constramts (though o . ,
“obtained |n the ACDM framework) o ‘ » . sl ._
_ . A \ T e : o .,,.' : = j\
+ Results robust agalnst reparametrlzatlon ofA E (D0 e @ T, & Sl
(mexu:an hat shape) il _ ¥ & SR
’ » & < : 7 ». ! : - <5 a 4 ;
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“Predictions on energy scales
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PRL 75 (1995)
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qumtessence
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"SNe la for

PNGB quintessence




Appllcatlon to' neutrmo mass generatlon

@y oscrllatlons y mass elgenstates +V ﬂavour elgenstates (mteractsons)
= Lepton number |’s aglobal brokén symmetry o
=3 Phy5|cal |ngred|ents . = ' ooy e
— A new scalar particle ¥ charged under U L(1) couples to rrght neutrlnos VR

/'»'-‘, i

£I/R o ‘IJVRVR‘ Yukawa couptlng E>Majorana mass term i

3No direct couplrngs of LIJ.to Standard I\/Iodel partrcles (Ly —-2) :
© —Vg couples d|rectIy to v, (Dirac_ mass) E ~ le/RVL _
R —V mixing : Seesaw mechanlsm my, ~ mD/m,,R My N< W >
* L|ghtness of v, requlres a huge vacuum expectation vaIue for L|J (large- m R
— Usually? -spontaneous symmetry breaklng of UB 4_(1) (at‘PIancT< scale)

- —'Here: graVJtatlonaI symmetr,y breakrng’(stabrllsatlon with nan- m|n|ma1 couplrngs)

S st ¥ 506 ma(12)g / i ([¥]) ds + [ o, (1])ds,
SM physics is B-L |n~var|ant 777/(9 O( ’]\I}‘ Myr ‘ My, X ‘
~  No_dependence;on ¥ S o : : & e . \If‘
' ke Majoron | #- . L F oo oW
" = ‘@ ' 4’»Cnikashige, Mdhapatra, Peccei,'Ph_ys,Lett. .B9v8, 265 (1981). .




- & s w g A s & b
_Variation of neutrino masses

g 10 _ .
1 &l Example:
4t L 0
& ) 10°GoY ,»
8’1'3- & © A\ 10NGe '
=120, 4 ‘
- ((D) . L :
D 1.1 e Bare » masses:
o me_)\z /A~10 GeV
= : .
0.9 . 3
‘ ¥ - m ~)\
08" ; g e : \\\VR - 1' o » R _
0.7} , R mL—‘(yEW) /m .~0.01 eV
: : ; Enlly * oA
0 02 ™4 ¥ 06, %0'8 I s e
o9 Joog ordi G e
*. A mass, scaling of ~30% of Majoron accounts for ¢osmic acceleration
” ’ . a 5, t : : “‘- . A ‘ V' ‘. a : : : ; 3 % | '..
* Numerotis impacts on large-scale structure férmation! (CDMéH’DM) ‘ %

*_The mass scaling is density-dependent'=> DM-induced modified gravity
s A ' W @ > : it ,

J—




e g Summary e ~
- 4 . ; ‘v,.'-o‘ = B | P . - i e
* The AWE hypothesus. P ey ST e i e
— DM is abnormally Welghtlnﬁ‘ DM- mduced modlflcatlon of gravity | .
> Comoletes usual coupled DM-DE models with anly Yarying Mpe

- Effectlve theory of grawtatlon of. relaxed equwalence prJnC|pIe L

."«~ ” e

: : . o hd S N
'I‘ - W ,!(‘ ' \ 3 e ' P

: : - # " ¢ poa ‘. 3 . e
& ; AR v
K Proposal grawtatlon and symmetry breakmg e
i SN Particle masses changes dunng phase transition : V|olat|on of equwalence prmmple

— GraVItatlonaI Svmmetrv breaklnq stablllsatlon thanks to nén- mlnlmal coupllngs

&, & : ®

. Ay _ Ve : ’ : \ ‘.

-k Predlctlons Sor T B g
g Cosmology cosmlc acceleratlon co1nC|dence Qbaryon & Qp,, from SNe Ia alone
A - EP wolatlon & grawtatldnal dynam|cs on large-scales - ©
—> Partlcle physms constramts on mass varlatlon :

: ‘i’ - .
_)..- : 'w; | 3 i. . : "‘ 'l'- . - .7 i - . ’ . -.‘ "\ o
‘. Thank you for your attentjon!
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AWE and Cosmlc comcwlence .
B Effectlve DE follows pressureless matter cornC|dence after CM& epochI

| ‘, A"—»A‘R 1+a
,ODE—pm(lJrR' T 1:;{. ( 3= ZSOO)

ke Comcrdence When pDE~pm(1+R 1)

. - — N - ,1/(21/) ;
v V2 i - L
: %\4 kVSOCMB o s R
.« U9
* Commdence depends R I o B e
L R (<1) initial mixing parameter. o U S B
'R » (=1)izratio of coupling strengths o !
kT scala,r coupling strength o =gsh

s QCMB(~_O)_ fnitial departure from GR ¥ ]

Gl |
* Corncrdence accurs naturally ;¥

g - scalar. coupllng k = tensor coupllng oL B
~ Not too large departure from GR before’ sl .
“CMB (¢CMB<1O 4): OK with convergence w e gl

mechanism of usual tensor-scalar theories :

- 02}

- G
' Logm&; G 1) (CMB)




| AWE mlmlcs a flctlve exotlc fluml i

Frledmann equatlon '|n the observable frame ' _ .
~- 87TG0A2 » : ? 1 —|— 6} 87TG0A2 . i .
e Ak @ (o (L4 BE) - pio)

- 3 ©'2 Creio

* Early&osmologlcal evolutions T L A
. =gy o ' — Baryons ||,
A(¢) e S L e — AWE DM
w. - 100N N\ Radiation |
_ : — DE
< y = —mm A
. o - ?3"10‘?-
| "EL)' o » ) E‘J | 35
f 2 107} P Mass
v(g) ~ pcmB (aCMB> : g | Ppoe™Pa If v=3/2 Variation
J = ] 1——k I
¢ 4 PAMS BE e o
oy ot ’ 10 °F
s & 2" ‘ it etttk
' 5PDE ~ kugo 'VP Sl B - : . o
| CMB m CMB . .\' 108 | e 107 . . 102 -~' 10°
c . Scale Factor-a ,

-
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Cosmlc acceleratlon W|thout negatlve pressures L
2, ‘ . S . i
+ Effectlve equatlon'.of state- for‘the flctl\'/e exotlc fluid of PE! . T L
1d%6 | 4rGa A, - Ceaoa
i m oy 1 4R| 2 $ 7. 1 3 S - =9 B i 25 i
adtz""’ 5 {P (+ )+,0DE(+wﬂf)} & | o

\

. @

+ WEP V|olat|on (0( o mlmlcs negatlve pressures
- AWE prowdes stron'ger coSmlc expansmn than /\CDM (weﬁ< 1 « ghost »)

e
. ‘ : A y

®

Effective equation of state - -

Tock .

BT T 30 20 50, ¢ 13 - ———
. a2 02 o5 EW 0.35
: 1+z : E » S s Aaan : ! : _
L Tl . Redshift - o e oG e &
| iy , _ . Preliminary results




* AWE actlon .. g

SAWE! = o
0

% Chameleon action :

.“_ ;
Scha,m S
&

/ \/—gnd4fv {R —29 usoaus0}+ZS %,Az(sf))gw}

.

AWE completes Chameleons Flelds ;e

»

%

/\/Tg,gicr‘ { R '8'998;;,90 V } ZS [%, gua}

R Chameleon approaches do not make the most of nonmlnlmal couplmgs

ok MWWE

_, Scalar field 'Stabilization .

© A@ Vs A @only .

¢ Cosmlc accelerationsis achleved

_ Non- Ilnear nonmlnlmal coupllngs

“In Am,awe((D)Eka%r... (local .hvalldlty‘(_)f |
GR) : s 7 v fow o "

@

i~ Opposﬂe scalar coupllng strengths

a

. W|thout requmng thDOte”t'al i

-

» * Chameleons

- Unlversa¥ nonmipimal couplmgs =
WEP is OK!"

H*Scalar field stablllzatlon

v . exp(Bd) vs V(9)

— Cosmic acceleration: A
a well- shaped potentlal IS put

*, - Linear-nonminimal coupllngs >

-~ A(9)=exp(Bo)-are use@although
strongly constrained .




