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Several sources converges for 95% of unknown material
Universe content from WMAP7
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General Background

Energy exchange - Background

@ Evolution equations for a Interacting ACDM model wy, = —1
DM-DE System :

Pam + 3Hpam = 0 P
pde +3Hpae(1 +w) = 0

Di = Wip;

Pde

107 i

uncoupledaQ =0
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General Background

Energy exchange - Background
@ Evolution equations for a Interacting
DM-DE System :

pdm+3dem = Q
pde + 3Hpa(1+w) = -0

Di = Wipi
e O < 0 =DM decaying into DE
o foraccel :w < —1/3 as

the deceleration param is still :
g=—H/H*=1/2(1 4+ 3w)Qe

DE-dm Coupled model
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General Background

Energy exchange - Background

@ Evolution equations for a Interacting

DM-DE System : DE-dm Coupled model
. ) Q<0
Pdm + 3dem = Q p

pde+3dee(1 +W) = _Q

Di = Wipi p'A“/CMB constraint

e O < 0 =DM decaying into DE
o foraccel :w < —1/3 as
the deceleration param is still :

q=—H/H> = 1/2(1 + 3w)Qq,

@ Hint of cosmological constraints : B '
CMB data constrains e.g. pgm(drec)

10 107 1

~> pam(@0)|g<0 < pam(ao)|o=0 Wae = —0.9and Q < 0
more dark matter in the past
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What Coupling on the Market ?

What is the interaction like : Background

From the Background : Energy exchange...
@ Analogy : decaying dark matter e.g. x1 — X2

flz—?)an = Flzi’ll
ﬁ1—3Hl’l1 = —Flgnl
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What Coupling on the Market ?

What is the interaction like : Background

From the Background : Energy exchange...
@ Analogy : decaying dark matter e.g. x1 — X2

h2—3Hn2 = Flzi’ll
ﬁ1—3Hl’l1 = —Flgnl

@ The DM-DE Interaction pg, <> pae

pdm + 3dem = F/)dark
Pde + 3dee<1 + W) = — I'pdark

o Interaction rate : I" can be taken o« H, Hy, ¢
e Energy density involved pgux = pam Class L, or pyu = pge Class 11

...Up to the perturbations level : What would be the evolution of the density
and velocity perturbations ?
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What Coupling on the Market ? Perturbations and instability

Coupled models at the level of T},

° Geometry Newtonian potential
ds* = gudxt'dy” = a* [—(1 4 20)d7? 4 (1 +2®)dx'dy |
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What Coupling on the Market ? Perturbations and instability

Coupled models at the level of T},
° Geometry Newtonian potential
ds* = guudxtdx’ = a* [—(1 +2V)d7? + (1 + 2®)dxidx |
o Matter-Energy content : density and velocity perturbations
T) =p(1+06)T) = (p+p)vi, T, =p + dp
o Matter-Energy content are Related to each other

G, = 87GT, and v, Th =0

1 (tot)v
@ For a DM assuming wg,, = 0 = dpgp, : VNT&m)V =0:

Sdm - *(kvdm - (I))
Vam = —Hvgm +k¥,
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What Coupling on the Market ? Perturbations and instability

Coupled models at the level of T},

° Geometry Newtonian potential
ds* = guudxtdx’ = a* [—(1 +2V)d7? + (1 + 2®)dxidx |
o Matter-Energy content : density and velocity perturbations
TV =p(1+0) T = (p+phvi T =p+6p
o Matter-Energy content are Related to each other

G = 87GT,, and \Y4 Tgot) =0
e For a DM assuming wgy = 0 = 0pgm : V,, T =0y
Odm = —(kvdm = (I)) P = [(5Q — Odm + \IJ]
Pdm
. B 0
Vam = —Hvgm + kU + — [VQ - Vdm] )
Pdm

@ Momentum exchange : 0, = Q ulém Ja ~vg = Vg DM vel

0, = Quz(/de)/a ~>vg = vge DE vel
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What Coupling on the Market ? Perturbations and instability

Tracking instability in the Dark Energy sector
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What Coupling on the Market ? Perturbations and instability

Limitations due to Instabilities in the DE sector :

i o’
51{/ :A"E -+ Bié -+ f(p],5],5]/,J7é l)
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What Coupling on the Market ? Perturbations and instability
Limitations due to Instabilities in the DE sector :

leadswhen A,B negligible

4

6[,[ + (f(Pja 5 05iJ 7 i))

(Anti)Damping

Exponential
Growth or Oscillations
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What Coupling on the Market ? Perturbations and instability
Limitations due to Instabilities in the DE sector :

leadswhen A,B negligible

4

6[,[ + (f(Pja 5 05iJ 7 i))

(Anti)Damping

Exponential
Growth or Oscillations

4/, gets contributions from :

0Pge = 6._%de(spdf-’ - (&gde - cgde)3<1 + W) (1 + d) %dee
where ¢2;, = 6Py, /Spae and 2 5, = Pue/ pae

andd = m is the DOOM factor
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What Coupling on the Market ? Perturbations and instability
Limitations due to Instabilities in the DE sector :

leadswhen A,B negligible

4

i[ + [f(Pja Sjs 3 J # i)J

(Anti)Damping

Exponential
Growth or Oscillations

4/, gets contributions from :

0Pge = 6._%de(spdf-’ - (&gde - cgde)?’(l + W) (1 + d) %dee
where ¢2, = 6Py, /Spge and 2 ;, = Pae/ pe

andd = m is the DOOM factor

In strongly coupled regime, (|d| > 1 ie P, is O dominated) instabilities in
DE perturbations can arise from the dP g, Sector vaiiviia 0s, He '09, Jackson ‘09

Indeed at early time and large scale A, &Bg, o< d when w =cst
~ d > 1 InStablllty ‘ ' Gavela "09
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What Coupling on the Market ? Perturbations and instability

What coupling on the market ?

0O X pge : stable forw < —1 and w cstand Q < 0

0, = {Hpaety, and = EHpgeuly,, with § <0 DEvel/DMvel Classll

Q¥ < uy,, < uy, same background, fith force present or not on DM

He ’09, Gavela ’09, Jackson '09
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What coupling on the market ?

0O X pge : stable forw < —1 and w cstand Q < 0

0, = {Hpaety, and = EHpgeuly,, with § <0 DEvel/DMvel Classll

Q¥ < uy,, < uy, same background, fith force present or not on DM

He ’09, Gavela ’09, Jackson '09

O X pam : to be stable need w = w(a)

@ coupled quintessence well studied in literature pamour 90, Wetterich *95, Amendola *00....

Q" x apamV,¢/M, DEvel Classl
from WMAP, SDSS, HST : o < 0.08 Bean 08

(] Recent Studles Wlth Z, WO, We = CSt valviita *09, Majerotto’09
Q" = —al' pgnu!;, and w = woa + w,(1 —a), ~ DMvel Classl
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Constraints from data : In the light
of the Dark Matter sector
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What Coupling on the Market ? Perturbations and instability

!, growth equation - late time - small scales

leadswhen A,B negllglble
S
i 2
a

Exponential
Growth or Oscillations

2y F o 5:1#1‘)]

(Anti)Damping

@ In the standard cosmology :

ASE > 0 ~~ exponential growth
B3¢ < 0 ~ damping by Hubble friction

~~ polynomial rise of d4,
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!, growth equation - late time - small scales

leadswhen A,B negllglble
S
i 2
a

Exponential
Growth or Oscillations

2y F o 5:1#1‘)]

(Anti)Damping

@ In the standard cosmology :

ASE > 0 ~~ exponential growth
B3¢ < 0 ~ damping by Hubble friction

~~ polynomial rise of d4,
@ In coupled models with :
with negative Q < 0
~> Aan(Q) > ASS & By (Q) < B3N

~ larger growth of 64,
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What Coupling on the Market ? Perturbations and instability

!, growth equation - late time - small scales

leadswhen A,B negligible
S
i 2
a

Exponential
Growth or Oscillations

o + (F oy, 0,857 # 1)

(Anti)Damping

Bym (@) with £=-0.5,0 and w=-0.9 for fixed Q,(0)
1 T

£=-0.
@ In the standard cosmology : o couping

ASE > 0 ~~ exponential growth
B3¢ < 0 ~ damping by Hubble friction

~ polynomial rise of §,, g oip
@ In coupled models with :
with negative Q < 0
~s Agm(Q) > ASC & By (Q) < BSM *oor 01
~ larger growth of 0, 0 = EHpaensy)”

see also Caldera-Cabral *09
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Perturbations and instability

Constraints and Degeneracies : Current data )
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“oupling on the Ma ? Perturbations and instability

0 — QE,O) degeneracy

m

Q]/ = édee MZm Gavela *09

0.14

0.12
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Perturbations and instability

0 — QE,O) degeneracy

nm

Q]/ = gﬁpde MZrm Gavela *09

For O < 0, |Q| large o
~» more growth "

~» more clustering & oo

~ less QEI?Z needed in the o

1!
source term of 9/,

LSS data ~~ stringent constraint
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Perturbations and instability

0 — QE,O) degeneracy

nm

Qy = prdeuZe LLH-Mena ’10

0.14.

For 0 < 0, |Q] large o
~+ more growth "

o 0.08

~ more clustering < 000

~~ less 95132 needed in the

1/
source term of J,,,

LSS data ~~ stringent constraint
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Perturbations and instability

0 — QE,O) degeneracy

nm

oY = —andmug'm Valiviita *10
02 2 “WMAP
MAP & ACBAR
For Q < 0’ ‘Q| large 0.18 MAP&S\N&BAO
~» more growth e !
. an]f R "
~+ more clustering o.14 s RN
(0) . 0.12 &
~ less ), needed in the
0.1
source term of ¢/;
0.08 1
-1 -0.8 -0.6 -0.4 0.2 0 0.2
—Q ~T7H,
v
LSS data ~~ stringent constraint
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What Coupling on the Market ?

¢ — m,, degeneracy

oV Sm,

Perturbations and instability

Qy == ngdel/lZm Gavela *09

1 100 |-

fv

Non relativistic neutrinos suppress
the growth of d,,, at small scales

For f,, # 0 the power spectrum
is reduced with respect to f, = 0.

- Q02— 93.2¢V ' Q0)p2

P(k) (Mpc/h)®

1000

increasef,

................ =0

$=-024 m=0

=0

——— =-024 m=04 eV

T
m,=0.4 e¥

m,~0

100
0.0001

|
0.001

! !
0.01 0.1
k[hMpe-1]
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What Coupling on the Market ? Perturbations and instability

¢ — m,, degeneracy

Qy == gﬂpdel/tgm Gavela 09

T
................ =0 mm04 eV
——— ¢=-0.24 m=0.4 eV

B QI(IO)hZ B Zml/ 1 100 | §=-024 m=0
- 0O ~ 93.2eV 0O "‘

fv

more negative

% 104 | 1
2
Non relativistic neutrinos suppress =
the growth of 94, at small scales  *
1000 increasef, N

For f,, # 0 the power spectrum
is reduced with respect to f, = 0.

100 1l 1l 1l ¥
0.0001 0.001 0.01 0.1 1 10
k[hMpe-1]
v
~~ Non relativistic neutrino effect on P(k) can be
compensated by a DM-DE interaction
14/32

Interacting DM-DE December 1 2010

Laura Lopez Honorez (ULB)



What Coupling on the Market ? Perturbations and instability

¢ — m,, degeneracy

QV = f H Pde ”Zm Gavela *09

03
(0)72
Qdm hz 93.2eV Qdm hZ o \EI%A:P&
. . =015
Non relativistic neutrinos suppress

the growth of d,,, at small scales 01

0.05
For f,, # 0 the power spectrum L L
is reduced with respect to f,, = 0. e e 2 08 08 c0s

~» Non relativistic neutrino effect on P(k) can be
compensated by a DM-DE interaction
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What Coupling on the Market ? Perturbations and instability

¢ — m,, degeneracy

QV X —demv,,é/Mp La Vacca -Colombo "08

0% Ym, 1

o= Q((io)hz " 03.2eV ng)h2

Non relativistic neutrinos suppress
the growth of §4, at small scales

For f,, # 0 the power spectrum
is reduced with respect to f, = 0. 0 05

1.5

M /eV
v

~~ Non relativistic neutrino effect on P(k) can be
compensated by a DM-DE interaction

Laura Lopez Honorez (ULB) Interacting DM-DE December 1 2010 14/32



What Coupling on the Market ? Perturbations and instability

Constraints from near universe observation data
Peculiar velocities

Coupled dark matter-dark energy in light of near Universe

observations : JCAP 1009 :029.
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What Coupling on the Market ? Perturbations and instability

Newtonian Limit

Low Redshifts, small scales (k > ), Newtonian limit :

Sdm = _<kvdm - ‘I’) + ,g [5Q - 6dm + \IJ]
Pdm

. 0

Vdm = _Hvdm + kU + — [VQ - Vdm] )

Pdm
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What Coupling on the Market ? Perturbations and instability

Newtonian Limit

Low Redshifts, small scales (k > ), Newtonian limit :
Odm = _(kvdm - &+ ﬁT [5Q — Odm m
m

"}dm = _Hvdm + kv + ,g [VQ - Vdm] 3
Pdm
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What Coupling on the Market ? Perturbations and instability

Newtonian Limit

Low Redshifts, small scales (k > ), Newtonian limit :

Sdm = —(kvdm —&{-I— ,Ln% %_%m m
bin = —Hgn + k0 + p% M-l

DMvel class I o pgmity, Cont./ Euler/ only bgchange
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What Coupling on the Market ? Perturbations and instability

Newtonian Limit

Low Redshifts, small scales (k > ), Newtonian limit :

bim = =l =Nt 2 = o

"}dm = _Hvdm + k¥ + ,g\[DQ - Vdm] 3
Pdm N

DMvel class I o pgmity, Cont./ Euler/ only bgchange
DEvelclassI o pgmity, Cont./ EulerX viol WEP!!!
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What Coupling on the Market ? Perturbations and instability

Newtonian Limit

Low Redshifts, small scales (k > ), Newtonian limit :
. . 0 -
Oam = —(kvam — B+ — [0g— Oum +
m ( m \q\L Dam [ o, m \Rl

—HVgm + kU + p% [&—M} :

"}dm

DMvel class I o pgmity, Cont./ Euler/ only bgchange
DEvelclassI o pgmity, Cont./ EulerX viol WEP!!!
DMvel class IT o< pgeuly,, Cont. X  Euler /
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What Coupling on the Market ?

Newtonian Limit

Perturbations and instability

Low Redshifts, small scales (k > ), Newtonian limit :

Sdm = _(kvdm _N‘F [%%\[5‘2‘_ 6dm m

"}dm = _Hvdm + kv + ,g [\)Q\_ Vdm] 3
Pdm
DMvel class I o pgmity, Cont./ Euler/ only bgchange
DEvelclassI o pgmity, Cont./ EulerX viol WEP!!!
DMvel class IT o< pgeuly,, Cont. X  Euler /
DEvel class II o pgeuy, Cont. X  Euler X  viol WEP!!
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What Coupling on the Market ? Perturbations and instability

Newtonian Limit

Low Redshifts, small scales (k > ), Newtonian limit :
. . 0 -
Oam = —(kvam — B+ — [0g— Oum +
e L R L A

, Q-
Vam = _Hvdm +kV + — [\}Q\ - Vdm] )
Pdm

DMvel class I o pgmity, Cont./ Euler/ only bgchange
DEvelclassI o pgmity, Cont./ EulerX viol WEP!!!

DMvel class IT o< pgeuly,, Cont. X  Euler /
DEvel class II o pgeuy, Cont. X  Euler X  viol WEP!!

Linear growth function : v = f (H /k) 6

@ Uncoupled and Class I : f = dInéd/dIna
@ Class IT models, 2d contrib f = dInd/dIna + O/ (pam™H)
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What Coupling on the Market ? Perturbations and instability

Bulk flows : large scale galaxy motion

Watkins *09 : anomalously large averaged velocities @ 1004~ Mpc scales
(?)'/? = 407 + 81 km/s while (3 -p,) /% ~ 200 km/s
1 1

() =5 /0 kR P(K)[W ()P = 5 i dk H>f2P5 (k) [W (k)|
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What Coupling on the Market ?

Perturbations and instability

Bulk flows : large scale galaxy motion

Watkins *09 : anomalously large averaged velocities @ 1004~ Mpc scales
(?)'/? = 407 + 81 km/s while (3 -p,) /% ~ 200 km/s

1 00 ~ 1 S ~

2 2 2 242 2
=— dk kP, (k)|W(k)|" = =— dk Ps(k) |W(k
() = 505 | KRRV = 55 [ akaerpsti) Vo)
~ seems to favour models with larger growth than ACDM ? ! agaita 09
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What Coupling on the Market ? Perturbations and instability

Bulk flows : large scale galaxy motion

Watkins *09 : anomalously large averaged velocities @ 1004~ Mpc scales

(u?)'/? = 407 4 81 km/s while (i3 o) /% ~ 200 km/s
1 o) ~ 1 o ~
= | dkEPPK|WK)> == | dkH>Ps(k)|W(k
() 2772/0 RIWEF =55 | &HTPs(k) [WK)

~ seems to favour models with larger growth than ACDM ? ! agaita 09

1000 T .

—— - -DEvel, ¢aHp,u,,
800 |- N — —DMvel, $aHp,u,,
Imposing agrement with WMAPS d4(zec)
e DMvel can’t account for large (u?)'/2

| o DEvel suffer from WEPV !'I'l ~~ bulk
flows are constraining £ < —0.35

(u2)72) (km/s)
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Perturbations and instability

Peculiar velocities and Redshift space distortions

Zobs = Ztrue T Vpec-X

Real S Redshift S . Sfrue T “pe .
eal Space  Tedshll BPAC  Neglecting vy ~~ distortion in redshift space
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What Coupling on the Market ? Perturbations and instability

Peculiar velocities and Redshift space distortions

Zobs = Ztrue T vpec--%
Neglecting v, ~ distortion in redshift space

Linear: @ O Redshift space distortions seen in galaxy surveys

carry an imprint of the rate of growth of LSS
(Kaiser 1987, Song & Percival "10)

Real Space Redshift Space

Galaxy surveys offer a measure of fog ! | Applied to coupled cosmologies :
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What Coupling on the Market ?

Perturbations and instability

Peculiar velocities and Redshift space distortions

Real

Galaxy surveys offer a measure of fog ! | Applied to coupled cosmologies :

Space

Redshift Space

Zobs = Ztrue T ‘7pec--§c
Neglecting v, ~ distortion in redshift space

Redshift space distortions seen in galaxy surveys
carry an imprint of the rate of growth of LSS
(Kaiser 1987, Song & Percival "10)

[T I e [T
E © bevel Classtt —~ 1 e BOSSH 1 EUCLID
L ] [ 20092014 [ Jaunch 2017
F 4 osf 4 osf ]
F wos ] [ u [ ]
Ladrcrs J .oel J Losl ]
[ 1 s L [ . 5 [ o ]
[ ] [ (3 i [[73%¢8aa, ]
Lot 4 oal } ! 4 o4 jﬁ RRLETPI
r spss ] . [, ]
r * DMvel ] L L ]
C Claser ] 0.2 - b 02 - -
r CURRENT - F § 1
SN BRI IR B oY) S A A B oY) PR PR I Wt

02 04 06 08 1 02 04 06 08 0.5 1, 15 2

for DMvel & DEvel Class I1 0 = £H pg, with & = —0.5 and DMvel Class 1 Q = —al'pgy, and I' = —0.3H (best fit point Valiviita *09)
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What Coupling on the Market ? Perturbations and instability

Violation of the Weak Equivalence Principle -DMvel test

Kesden & Kamionkowsi : Extra force between DM can lead to an asymmetry in the
leading compared to the trailing tidal stream of a DM dominated satellite orbiting in
the halo of a much larger host galaxy.
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Kesden & Kamionkowsi : Extra force between DM can lead to an asymmetry in the
leading compared to the trailing tidal stream of a DM dominated satellite orbiting in
the halo of a much larger host galaxy.

From 2MASS and SDSS surveys : Sgr Dwarf galaxy orbiting in the MW has roughly
equal streams ~~ |a;, — dgp/ap| < 0.1 kex os.
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What Coupling on the Market ? Perturbations and instability

Violation of the Weak Equivalence Principle -DMvel test

Kesden & Kamionkowsi : Extra force between DM can lead to an asymmetry in the
leading compared to the trailing tidal stream of a DM dominated satellite orbiting in
the halo of a much larger host galaxy.

From 2MASS and SDSS surveys : Sgr Dwarf galaxy orbiting in the MW has roughly
equal streams ~~ |a;, — dgp/ap| < 0.1 kex os.

1000

w=-0.9
w=-0.7
and K.

‘ K forQ, = ﬂpdmvvgb/MP
\ i Gan = Gy(1 + B%) ~ |B] < 0.22 kax 06

100 |

if \ for 0, = Edeeuﬁe
S 1 ki = MOy + K20,
kvagm = H (1 + 5;’7‘1) (Sdm + §H5dm%> +i2U

U = —312(0b + QamBam)

L L
-1 0.1 -0.01 -0.001
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Conclusions

Interactions between DM and DE can be present
Neglecting them can lead to a misinterpretation of observational data
o Carrefull choice of the Q,, parametrization in order to avoid Instabilities
o Large values of the coupling are still allowed by LSS and CMB data
@ Degeneracies Q — 4, and Q — m,, shows up
@ Velocity constraints put stringent bounds on Q in DEvel models
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Conclusion

This 1s the End
Thank you for your attention ! !
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Values of (), that fit CMB

We use the values of €4, giving rize to the ds(zy.) in agreement with
WMAPS :

Fore.g. O = {Hpye

012 e

Background dependent ! !
quite independent of w

h?
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Viable parameter space in & — w plane

In the instability-free region { < Oandw > —1:

-16 -14 -12 -1 -08 -06 -04 -02 O
3

~> Present data are unable to set strong constraints on £ - w,
and large values for both parameters, near -0.5, are easily allowed
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Origin of instabilities in coupled models - 0P sector

@ Adiabatic processes :
2
(SPde — Cade(Spde

2

2 Pe
. ade

Cade =

Pde

which forw = cst, ¢, ,, =w <0

Laura Lopez Honorez (ULB) Interacting DM-DE December 12010

25/32



Origin of instabilities in coupled models - 0P sector

@ Adiabatic processes :
2
(SPde — Cade(Spde

2

2 Pe
. ade

Cade =

Pde

which forw = cst, ¢, ,, =w <0

¢?>0 i <0

~> Instability as cg 4 < 0, pressure no more counteract gravity

~ Bxponential growth from the A-term contribution
see e.g. Bean, Flanagan and Trodden *07 AND
slow-roll suppression see Corasaniti *09
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Origin of instabilities in coupled models - 0P sector

@ Non adiabatic processes :
0Py # ¢z 10p1,

In any frame for coupled DE-DM :

. . . bq . 0Py
OPg, = C?de(spde - (c?de - Cide)PdekTe where c?de = :

5pde DE rf
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Origin of instabilities in coupled models - 0P sector

@ Non adiabatic processes :
5Py # 2 6pr,

In any frame for coupled DE-DM :

) A 0
OPde = &adpae = (&40 = Caae)3(1+w) (14 ) S5 Hpae
where we define the DOOM FACTOR :  d = 50— )
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Origin of instabilities in coupled models - 0P sector

@ Non adiabatic processes :
5Py # 2 6pr,

In any frame for coupled DE-DM :

) . 0
OPde = &adpae = (&40 = Caae)3(1+w) (14 ) S5 Hpae
where we define the DOOM FACTOR :  d = 50—

|d| > 1 ~ strongly growing non-adiabatic mode
at early time-large scales (i.e. k < H)
~ drive NON-ADIABATIC instabilities

see also Valiviita et all *08, He et all *08 and Jackson et all 09
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Analytical treatment of Perturbations

0, = Qul™ with Q = ¢Hpg,

no fith force effects and £ < 0 with w > —1 to avoid instabilities
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Analytical treatment of Perturbations

0, = Qul™ with 0 = EHpq, |

no fith force effects and £ < 0 with w > —1 to avoid instabilities

@ Gauge invariant formalism ~ JH must be included in Ay

Laura Lopez Honorez (ULB) Interacting DM-DE December 1 2010 27/32



Analytical treatment of Perturbations

0, = Qul™ with Q = ¢Hpg,

no fith force effects and £ < 0 with w > —1 to avoid instabilities

@ Gauge invariant formalism ~ JH must be included in Ay

@ Derive initial conditions

. . N .. A° A?
Imposin i ic initial condition =4 — P
posing adiabatic initial conditions S, Blon " Balon

for dm, b, vy, v, automatically implies :

wAge=§(1+w+§)Ag J

Adiabatic initial conditions for dark energy (depend on & ! !)

for uncoupled Doran’03, for coupled also Majerotto’ 10
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What would be reconstructed

...from H(z) data assuming no coupling and dynamical DE :

H? 14
o= 2 01 o e o [ ]
0

N _1 R}I(1+Z)—3RH
3 Ru— Q)1 +2)°

However in presence of dark couplings :

RH(Z) :f(W7 Q7 QS,B: Qa(z’g))
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Reconstructing w(z) as a function of w and £

For O = £Hpge For O = Hpgm )

3

T R R
~divergent foré >0
Similar behaviour in f(R) cosmologies see e.g. Amendola & Tsujikawa *07
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Future Constraints : from CMB lensing wuneiiio

Lensing deflection d = V® whit ® the lensing potential. In harmonic space,
multipoles follows d* = —i\/I(l+ 1)¢]",
For C% = (dy'dy™) and C}” = (¢ ¢, we have C% = 1(1+1)C}°.
~ breaking of (24, — £ degeneracy with EPIC that will greatly reduce its
noise on CMB lensing

Temperature power spectra Lensing deflection power spectra
7000 T T r 1.5x10° T
6000 |- —— ACDM with Planck noise | " —— ACDM with Planck noise
) 2
& sl £=-0.4 0 h'=0.04630 J a ——&=-0.4 O h"=0.04630
o © o
Ty 10*1 0x10° - i
2 3000 = i
: 2000 l 1LLE -
= 1000 < PEES
- 0 - s.axm‘m 100
200" s 1000 150 2000 Lsx10¢ 0
6000 [~ —— ACDM with EPIC noise ] —— ACDM with EPIC noise
& smf ——&=-0.4Q h'=0.04630 1 & £=-0.4 O h’=0.04630
o~ N ~
S 4000 ] ::’,U_l -
o] 1 X100 1
= a0 b
-
bl ] - —
= 1w ] = =
- 0 L L L ™ soxi0” 1
0 500 1000 1500 2000 2500 3000 10 100
1 1
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Q = {Hpgecase

H/BM Qdmédm
L20r | 1.0af U :
| £=-01 d
1.15 £=-0.2 1.03r 1
£=—0.3
1.10F £(=-04 b
N 1.02r 1
£=—05
1.05r £=-06 1 1.01F
1-0 1 1 1 1 10 1 1
8.4 0.5 0.6 97 0.8 09 1.0 8.4 0.5 06,0 0.8 09 1.0
0 Bnc ﬂdm dm
Uge
102 b Uy, 2.4+
2.2+
2.0+ E
1.8 1
1
100 1.6+ ]
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