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r the homogeneous model 1

Newt/E — fyiy — EdS+VA — Qi RS — ds2 — 48 conclu (BICEP2)

m standard model: ACDM (€0 &~ 0.32, Q50 ~ 0.68) homogeneous
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r the homogeneous model 1

Newt/E — fyir — EdS+VA — QSif REH — 452 — dSH conclu (BICEP2)

m standard model: ACDM (€0 &~ 0.32, Q50 ~ 0.68) homogeneous
m simpler model: EdS (2,0 = 1,940 = 0) homogeneous
= background expands relativistically (Einstein)

+ linear density perturbations  := pngm, 0] <1
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m simpler model: EdS (2,0 = 1,240 = 0) homogeneous

= background expands relativistically (Einstein)

+ linear density perturbations  := pngm, 0] <1

+ large-scale structure, galaxy clusters, galaxies 0 > Ay > 1
(Newton)
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(Newton)
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r the homogeneous model 1

Newt/E — fyir — EdS+VA — QSif REH — 452 — dSH conclu (BICEP2)

m standard model: ACDM (€0 &~ 0.32, Q50 ~ 0.68) homogeneous
m simpler model: EdS (2,0 = 1,940 = 0) homogeneous
= background expands relativistically (Einstein)

+ linear density perturbations  := pngm, 0] <1

+ large-scale structure, galaxy clusters, galaxies 0 > Ay > 1
(Newton)

+ voids —1 50 < 0 (Newton)
m when/where should ACDM, EdS fail?
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r the homogeneous model 1

Newt/E — fyir — EdS+VA — QSif REH — 452 — dSH conclu (BICEP2)

m standard model: ACDM (€0 &~ 0.32, Q50 ~ 0.68) homogeneous
m simpler model: EdS (2,0 = 1,940 = 0) homogeneous
= background expands relativistically (Einstein)

+ linear density perturbations  := pngm, 0] <1

+ large-scale structure, galaxy clusters, galaxies 0 > Ay > 1
(Newton)

+ voids —1 50 < 0 (Newton)

m Newton # Einstein = ACDM, EdS should fail at < 3 h=! Gpc
and z < 3
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r beyond the homogeneous model 1

Newt/E — fyir — EdS+VA — Qi RS qs2 — a8 conclu (BICEP2)

m what parameter can measure the expected failure of the
homogeneous models?
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r beyond the homogeneous model 1

Newt/E — fyir — EdS+VA — Qi RS qs2 — a8 conclu (BICEP2)

m f.i.(2) := fraction of virialised matter (large-scale structure,
clusters, galaxies)
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m f.i(z) < 1= ACDM, EdS ~ valid
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m fi(2) < 1= ACDM, EdS ~ valid
m f.i(z) > 0.01 = ACDM, EdS ~ fail
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Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043
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r beyond the homogeneous model 1

Newt/E — fyir — EdS+VA — Qi RS qs2 — a8 conclu (BICEP2)

m fi(2) < 1= ACDM, EdS ~ valid
m f.i(z) > 0.01 = ACDM, EdS ~ fail

m f.i.(2) strongly correlates with Q4 (2)
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043:
Roukema 2013, IJMPD, 22, 1341018:;
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r beyond the homogeneous model 1

Newt/E — fyir — EdS+VA — Qi RS qs2 — a8 conclu (BICEP2)

m fi(2) < 1= ACDM, EdS ~ valid
m f.i(z) > 0.01 = ACDM, EdS ~ fail

m f.i.(2) strongly correlates with Q4 (2)
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043:
Roukema 2013, IJMPD, 22, 1341018:;

m Is Qx(z) an artefact of ignoring virialisation?
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r EdS + virialisation approx 1

Newt/E — fyiy — EdSH+VA — QSif RS qs2 — 48 conclu (BICEP2)

m EdS + virialisation approximation:
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043
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m EdS + virialisation approximation:
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043

m Newton : constant spatial curvature of structures + voids
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m EdS + virialisation approximation:
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043

m Newton : constant spatial curvature of structures + voids
Friedmann equation:

O+ O + Q) = 1.
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m Newton : constant spatial curvature of structures + voids
Friedmann equation:

O+ O + Q) = 1.

m Einstein : hyperbolic voids
Buchert : volume-weighted means

L'énergie noire en tant qu’artefact de I'époque de la virialisation fvir | m—M LPNHE 29/09/2014 — 4


http://arxiv.org/abs/1303.4444

EdS + virialisation approx

Newt/E — foir — EdS+VA — Qf Reff — 452 — q¢ff conclu (BICEP2)
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EdS + virialisation approx

Newt/E — f,;, — EdSH+VA — ¢ %f gf — ds? — d/OL/“‘ conclu (BICEP2)
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r EdS + virialisation approx

Newt/E — fyiy — EdSH+VA — QSif RS qs2 — 48 conclu (BICEP2)

m EdS + virialisation approximation:
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043

m Newton : constant spatial curvature of structures + voids
Friedmann equation:

O+ O + Q) = 1.

m Einstein : hyperbolic voids
Buchert : volume-weighted means on domains D := M U¢&

generalised Friedmann equation (Hamiltonian constraint):
2

H
QL + QO + Q% +Qf = H—“;, where F € {M, &, D}
D

1
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m EdS + virialisation approximation:
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043

m Newton : constant spatial curvature of structures + voids
Friedmann equation:

O+ O + Q) = 1.

m Einstein : hyperbolic voids
Buchert : volume-weighted means on domains D := M U¢&

generalised Friedmann equation (Hamiltonian constraint):
H2
QL + QO + Q% +Qf = H—“; , where F € {M,&,D}
m assume Q) = v
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m EdS + virialisation approximation:
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043

m Newton : constant spatial curvature of structures + voids
Friedmann equation:

O+ O + Q) = 1.

m Einstein : hyperbolic voids
Buchert : volume-weighted means on domains D := M U¢&

generalised Friedmann equation (Hamiltonian constraint):
2

H
Q£+Q£+QF:H—§, where F € {M, &, D}
m assume )] =

m assume || < 1
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m EdS + virialisation approximation:
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043

m Newton : constant spatial curvature of structures + voids
Friedmann equation:

O+ O + Q) = 1.

m Einstein : hyperbolic voids
Buchert : volume-weighted means on domains D := M U¢&

generalised Friedmann equation (Hamiltonian constraint):
2

H
Q) +QF = H—;E , where F € {M,&,D}
m assume Y = P

m assume || < 1
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r EdS + virialisation 1

Newt/E — fyiy — EdSH+VA — QSif RS qs2 — 48 conclu (BICEP2)

m early: V(voids) : V(structures) ~ 1 — fuir & foir
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r EdS + virialisation

Newt/E — fyir — EdS+VA — QSf REH — ds2 — dSH conclu (BICEP2)

m late : V(voids) : V(structures) ~ 1 — foir/Avir & foir/Avir
m define >‘./\/l = fvir/Avir < 1
=- voids dominate any volume average

QP = M QM 4+ (1 — M) Q4
HP = M HM + (1 — M) H®
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=- voids dominate any volume average

—~ (1 o fvir) Ql&lg
O (2) = (H ] Fbe)?
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AVi]r Q]rong
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m late : V(voids) : V(structures) ~ 1 — foir/Avir & foir/Avir
m define >‘./\/l = fvir/Avir < 1
=- voids dominate any volume average

QP
O (2) = Q(z) =~ "
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r EdS + virialisation
Newt/E — fyir — EdS+VA — QSf REH — ds2 — dSH conclu (BICEP2)
m late : V(voids) : V(structures) ~ 1 — foir/Avir & foir/Avir
m define >‘./\/l = fvir/Avir < 1

=- voids dominate any volume average

ft D ng

c . ~ m

Qm (Z) T Qm(Z) ~ (Heff/Hbg)Q
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m late : V(voids) : V(structures) ~ 1 — foir/Avir & foir/Avir
m define >‘./\/l = fvir/Avir < 1
=- voids dominate any volume average

bg
Qm

O (2) = Qo(z) = (HeT | Fbe)?2

H(2) ~ H(2)+ Hpee(2)
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m late : V(voids) : V(structures) ~ 1 — foir/Avir & foir/Avir
m define >‘./\/l = fvir/Avir < 1
=- voids dominate any volume average

bg
Qm

O (2) = Qo(z) = (HeT | Fbe)?2

H"(2) ~ H(2)+ H®™(2)a™?

pec
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r EdS + virialisation 1

Newt/E — fyir — EdS+VA — QSf REH — ds2 — dSH conclu (BICEP2)

m late : V(voids) : V(structures) ~ 1 — foir/Avir & foir/Avir
m define >‘./\/l = fvir/Avir < 1
=- voids dominate any volume average

bg
Qm

O (2) = Qo(z) = (HeT | Fbe)?2

fvir(z) a_l

HM(2) ~ H(z)+ H™(0) " 0)

pec
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r EdS + virialisation 1

Newt/E — fyir — EdS+VA — QSf REH — ds2 — dSH conclu (BICEP2)

m late : V(voids) : V(structures) ~ 1 — foir/Avir & foir/Avir
m define >‘./\/l = fvir/Avir <1

=- voids dominate any volume average

eff D erang
Qm (Z) = Qm(Z) ~ (Heff/Hbg)Q
e com fVir(Z) —
HM(2) =~ H(z) + H3o (O)f-(O)a !
2Uinfall 40_1}
JJcom — ~
pee (O) Dvoid Dvoid

= 36 + 3 km/s/Mpc

=
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r EdS + virialisation 1

Newt/E — fyir — EdS+VA — QSf REH — ds2 — dSH conclu (BICEP2)

m late : V(voids) : V(structures) ~ 1 — foir/Avir & foir/Avir
m define >‘./\/l = fvir/Avir <1

=- voids dominate any volume average

eff D erang
Qm (Z) = Qm(Z) ~ (Heff/Hbg)Q
e com fVil"(Z) —
HM(2) =~ H(z) + H3o (O)f-(())a !
2Uinfall 40—1}
JJcom — ~
pee (O) Dvoid Dvoid

= 36 + 3 km/s/Mpc

= Q°(2) drops when f.i.(2) grows
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r EdS + virialisation 1

Newt/E — fyir — EdS+VA — QSf REH — ds2 — dSH conclu (BICEP2)

m late : V(voids) : V(structures) ~ 1 — foir/Avir & foir/Avir
m define >‘./\/l = fvir/Avir <1

=- voids dominate any volume average

eff D erang
Qm (Z) = Qm(Z) ~ (Heff/Hbg)Q
e com fVil"(Z) —
HM(2) =~ H(z) + H3o (O)f-(())a !
2Uinfall 40—1}
JJcom — ~
pee (O) Dvoid Dvoid

= 36 + 3 km/s/Mpc

= Q¢ (%) drops when z drops

L'énergie noire en tant qu’artefact de I'époque de la virialisation fvir | m—M LPNHE 29/09/2014 - 5



r EdS + virialisation 1

Newt/E — fyir — EdS+VA — QSf REH — ds2 — dSH conclu (BICEP2)

m late : V(voids) : V(structures) ~ 1 — foir/Avir & foir/Avir
m define >‘./\/l = fvir/Avir <1

=- voids dominate any volume average

eff D erang
Qm (Z) = Qm(Z) ~ (Heff/Hbg)Q
e com fVil"(Z) —
HM(2) =~ H(z) + H3o (O)f-(())a !
2Uinfall 40—1}
JJcom — ~
pee (O) Dvoid Dvoid

= 36 + 3 km/s/Mpc

= curvature more negative when z drops
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r effective parameters 1

Newt/E — fyiy — EdS+VA — QSif, Rt — ds2 — a8 conclu (BICEP2)

Or () =1 - Q5 ()
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r effective parameters 1

Newt/E — fyiy — EdS+VA — QSif, Rt — ds2 — a8 conclu (BICEP2)

Or () =1 - Q5 ()

H"(0) = 74.0 £ 1.6km/s/Mpc

(Riess et al. 2011; Freedman et al. 2012)
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Or () =1 - Q5 ()

H"(0) = 74.0 £ 1.6km/s/Mpc

(Riess et al. 2011; Freedman et al. 2012)

R 2) = e ) o )
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r effective metric 1

Newt/E — fyiy — EdS+VA — Qi RS — ds2 — 48 conclu (BICEP2)
5 5 Xeff
2 _ 2 2 eff eff . 2 2 2 2
ds® = —dt“+a°(t) |dx® + RE |( sinh R (df* + cos” 6 do?)
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r effective metric 1

Newt/E — fyiy — EdS+VA — Qi RS — ds2 — 48 conclu (BICEP2)
2 342 2 eff2 eff2 [ . 1.2 X! 2 2 2
ds® = —=dt*+a*(t) |[dx*™ + Rg ™ | sinh ool (dO” + cos” 0 do?)
C
C
Ay (z2) ;= d
X (Z) CL2 Heff(z) a
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r effective metric 1

Newt/E — fyiy — EdS+VA — Qi RS — ds2 — 48 conclu (BICEP2)
ds* = —dt* +a*(t) ldxeﬁz Reff2 (smh2 2 ) (d6* 4 cos® 0 do )]
C
C
Ay (z) := d
X (Z) CL2 Heff(z) a

Xeff

A" = (1 + 2)R&! sinh ReF
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r EdS + virialisation 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — g8 conclu (BICEP2)

1 T T T T T

eff
m

0.2 .
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r EdS + virialisation 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — g8 conclu (BICEP2)
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r EdS + virialisation 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — g8 conclu (BICEP2)
. ' ' ' " LCDM ——
VA ——
VA ——
VA ——
—————— EdS ——
0 -
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o
—i
(@)
o
Lo
1k .
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r EdS + virialisation 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — g8 conclu (BICEP2)

1.2 1 1 T T T

04 | :

fraction of (M-M), cpy - (M-M)gys
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Summary

Newt/E — fyiy — EdS+VA — Qi RS — ds2 — 48 conclu (BICEP2)

o fvir(z) ™~ QA(Z)
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r Summary 1

Newt/E — fyiy — EdS+VA — Qi RS — ds2 — 48 conclu (BICEP2)

m  expected homogeneous model failure ~ 5 (2)
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r Summary 1

Newt/E — fyiy — EdS+VA — Qi RS — ds2 — 48 conclu (BICEP2)

m  expected homogeneous model failure ~ 5 (2)

m remove free param (£25g); assume EdS background
(U =1,Q4 =0)
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r Summary

Newt/E — fyir — EdS+VA — QS REH — 452 — dSH conclu (BICEP2)

m  expected homogeneous model failure ~ 5 (2)

m remove free param (£25g); assume EdS background
(U =1,Q4 =0)

m add GR (scalar averaging): virialisation approximation:
2 obs inputs: H®(z = 0) = 74 & 1.6 km/s/Mpc;
H™(z =0) =36 £ 3 km/s/Mpc;

pec
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r

Summary

Newt/E — fyir — EdS+VA — QS REH — 452 — dSH conclu (BICEP2)

expected homogeneous model failure ~ 5 (2)

remove free param ({25g); assume EdS background
(U =1,Q4 =0)

add GR (scalar averaging): virialisation approximation:

2 obs inputs: H"(z = 0) = 74 1.6 km/s/Mpc;
H™(z =0) =36 £ 3 km/s/Mpc;

pec

background model + virialisation

1

= void-dominated neg. curvature + inhomogeneous expansion =-

Q2 =0) ~ 0.3
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r Summary 1

Newt/E — fyir — EdS+VA — QS REH — 452 — dSH conclu (BICEP2)

m  expected homogeneous model failure ~ 5 (2)

m remove free param (£25g); assume EdS background
(U =1,Q4 =0)

m add GR (scalar averaging): virialisation approximation:
2 obs inputs: H®(z = 0) = 74 & 1.6 km/s/Mpc;
H™(z =0) =36 £ 3 km/s/Mpc;

pec

m background model + virialisation
= void-dominated neg. curvature + inhomogeneous expansion =-
Q2 =0) ~ 0.3
distance modulus m — M vs z : EAS+VA ~ ACDM
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Newt/E — fyir — EdS+VA — QS REH — 452 — dSH conclu (BICEP2)

m  expected homogeneous model failure ~ 5 (2)

m remove free param (£25g); assume EdS background
(U =1,Q4 =0)

m add GR (scalar averaging): virialisation approximation:
2 obs inputs: H®(z = 0) = 74 & 1.6 km/s/Mpc;
H™(z =0) =36 £ 3 km/s/Mpc;

pec

m background model + virialisation
= void-dominated neg. curvature + inhomogeneous expansion =-

Q2 =0) ~ 0.3
distance modulus m — M vs z : EAS+VA ~ ACDM

m dark energy ~ virialisation-epoch negative curvature
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r

Summary 1

Newt/E — fyiy — EdS+VA — Qi RS — ds2 — 48 conclu (BICEP2)

expected homogeneous model failure ~ 5 (2)

remove free param ({25g); assume EdS background
(U =1,Q4 =0)

add GR (scalar averaging): virialisation approximation:
2 obs inputs: H®(z = 0) = 74 & 1.6 km/s/Mpc;
H™(z =0) =36 £ 3 km/s/Mpc;

pec

background model + virialisation
= void-dominated neg. curvature + inhomogeneous expansion =-

Q2 =0) ~ 0.3
distance modulus m — M vs z : EAS+VA ~ ACDM

dark energy ~ virialisation-epoch negative curvature
Roukema, Ostrowski, Buchert 2013 JCAP, 10, 043 (arXiv:1303.4444);

Roukema 2013, IJMPD, 22, 1341018 (arXiv:1305.4415)
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BICEP2: whoops!

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — a8 conclu (BICEP2)

m BICEP2:
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r BICEP2: whoops! 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — a8 conclu (BICEP2)

m BICEP2: maps in conference pdfs # good obsvnal data archive
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r BICEP2: whoops! 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — a8 conclu (BICEP2)

m BICEP2: maps in conference pdfs # good obsvnal data archive

m Mortonson & Seljak (2014) arXiv:1405.5857
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r BICEP2: whoops! 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — a8 conclu (BICEP2)

m BICEP2: maps in conference pdfs # good obsvnal data archive
m Mortonson & Seljak (2014) arXiv:1405.5857

m Flauger, Hill & Spergel (2014) arXiv:1405.7351
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r BICEP2: whoops! 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — a8 conclu (BICEP2)

m BICEP2: maps in conference pdfs # good obsvnal data archive
m Mortonson & Seljak (2014) arXiv:1405.5857
m Flauger, Hill & Spergel (2014) arXiv:1405.7351

m cat BICEP2 | \
sed -e ’s/gravity wave background/
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r BICEP2: whoops! 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — a8 conclu (BICEP2)

m BICEP2: maps in conference pdfs # good obsvnal data archive
m Mortonson & Seljak (2014) arXiv:1405.5857
m Flauger, Hill & Spergel (2014) arXiv:1405.7351

m cat BICEP2 | \
sed -e ’s/gravity wave background/dust foreground/g’
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r Planck vs homogeneity 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — a8 conclu (BICEP2)

m Planck (1303.5076v1) cosmo parameters:
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r Planck vs homogeneity

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — a8 conclu (BICEP2)

m Planck (1303.5076v1) cosmo parameters:
m high-z: Hy=67.3 £ 1.2 (68%; Planck + WMAP polar.)
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r Planck vs homogeneity 1

Newt/E — fyiy — EdS+VA — Qi RS — qs2 — a8 conclu (BICEP2)

m Planck (1303.5076v1) cosmo parameters:

m high-z: Hy=67.3 £ 1.2 (68%; Planck + WMAP polar.)
low-2: Hy = 74.05 + 1.6 (Riess et al. 2011, Freedman et al 2012)
homogeneous model rejected at 3.38c
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r Planck vs homogeneity 1

Newt/E — fyir — EdS+VA — QS REH — ds2 — dSH conclu (BICEP2)

m Planck (1303.5076v1) cosmo parameters:

m high-z: Hy=67.3 £ 1.2 (68%; Planck + WMAP polar.)
low-2: Hy = 74.05 + 1.6 (Riess et al. 2011, Freedman et al 2012)
homogeneous model rejected at 3.380 (euphemism: “tension”)
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r Planck vs homogeneity 1

Newt/E — fyir — EdS+VA — QS REH — ds2 — dSH conclu (BICEP2)

m Planck (1303.5076v1) cosmo parameters:

m high-z: Hy=67.3 £ 1.2 (68%; Planck + WMAP polar.)
low-2: Hy = 74.05 + 1.6 (Riess et al. 2011, Freedman et al 2012)
homogeneous model rejected at 3.380 (euphemism: “tension”)

mw:=p/p
(25 evolution: cosmological constant (w = —1) or time-varying?
(93): w = —1.247%18 195%: Planck + WMAP polar. + Riess et al
(2011) Hy]
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r Planck vs homogeneity 1

Newt/E — fyir — EdS+VA — QS REH — ds2 — dSH conclu (BICEP2)

m Planck (1303.5076v1) cosmo parameters:

m high-z: Hy=67.3 £ 1.2 (68%; Planck + WMAP polar.)
low-2: Hy = 74.05 + 1.6 (Riess et al. 2011, Freedman et al 2012)
homogeneous model rejected at 3.380 (euphemism: “tension”)

mw:=p/p
(25 evolution: cosmological constant (w = —1) or time-varying?

(93): w = —1.247%18 195%: Planck + WMAP polar. + Riess et al
(2011) Hy| = “phantom energy”
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