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1) Discovery	
  of	
  a	
  Dark	
  Sector
2) Dark	
  Energy	
  -­‐	
  Structure	
  forma*on
3) N-­‐body	
  simula*ons
4) Cosmological	
  velocity	
  fields
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  IM	
  E	
  DEKN	
  SBHPIK

The	
  Universe	
  is	
  a	
  dynamical	
  physical	
  
system.

Cosmic	
  expansion	
  is	
  accelerated:

This	
  accelera*on	
  is	
  driven	
  by	
  an	
  
unknown	
  form	
  of	
  energy.

What	
  is	
  the	
  amount	
  of	
  Dark	
  Energy?

Supernovae	
  Ia,	
  Cosmic	
  Microwave	
  
Background,	
  Baryonic	
  Acous*c	
  
Oscilla*ons.
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Kowalski	
  et	
  al.	
  (2008)
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DEKN	
  ECBKAL	
  -­‐	
  SPKXHPXKB	
  MIKYEPFIC

What	
  is	
  the	
  nature	
  of	
  Dark	
  Energy?

Numerous	
  concurrent	
  Dark	
  Energy	
  models

How	
  can	
  we	
  dis*nguish	
  various	
  Dark	
  Energy	
  models?

Solu*on:	
  use	
  of	
  structure	
  forma*on	
  and	
  gravita*onal	
  
non-­‐linear	
  clustering.

What	
  can	
  we	
  learn	
  on	
  Dark	
  Energy	
  from	
  structure	
  forma*on?

Conversely,	
  what	
  is	
  the	
  impact	
  of	
  Dark	
  Energy	
  on	
  structure	
  
forma*on?
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  of	
  Dark	
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  on	
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SPKXHPXKB	
  MIKYEPFIC

Structure	
  forma*on	
  and	
  gravita*onal	
  clustering	
  are	
  non-­‐
linear	
  processes.

No	
  analy*c	
  theories	
  to	
  fully	
  describe	
  the	
  gravita*onal	
  
collapse	
  from	
  a	
  linear	
  to	
  a	
  non-­‐linear	
  phase,	
  which	
  is	
  very	
  
important	
  to	
  understand	
  structure	
  forma*on:

Unavoidable	
  use	
  of	
  the	
  numerical	
  tool.

How	
  should	
  we	
  proceed	
  to	
  perform	
  numerical	
  simula*ons	
  
of	
  structure	
  forma*on	
  in	
  Dark	
  Energy	
  models?

N-­‐body	
  simula*ons	
  to	
  follow	
  gravita*onal	
  clustering	
  in	
  realis*c	
  
(i.e.	
  in	
  agreement	
  with	
  SNIa,	
  CMB...)	
  cosmological	
  models.
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«Not	
  too	
  high»	
  number	
  of	
  bodies:	
  the	
  main	
  difficult	
  part	
  
is	
  the	
  resolu*on	
  of	
  the	
  Vlasov-­‐Poisson	
  equa*ons.	
  

The	
  DEUS	
  consor*um:

An	
  highly	
  scalable	
  applica*on	
  called	
  AMADEUS	
  emcompassing	
  
the	
  whole	
  simula*on	
  chain.

Ini?al	
  condi?ons:	
  realis?c	
  models.

Gravity	
  solver	
  (Vlasov-­‐Poisson	
  solver)	
  -­‐	
  RAMSES-­‐DEUS.

Post-­‐processing	
  (Slicing,	
  Friends-­‐of-­‐Friends	
  structure	
  detec?on,	
  filing	
  
of	
  generated	
  data...).
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The	
  PM	
  method	
  in	
  a	
  nutshell:

1. Compute	
  the	
  mass	
  density	
  ρ	
  on	
  the	
  mesh	
  
using	
  an	
  interpola*on	
  scheme	
  from	
  the	
  
posi*on	
  of	
  par(cles.

2. Compute	
  the	
  poten*al	
  φ	
  on	
  the	
  mesh	
  using	
  the	
  field	
  equa*on.	
  

3. Compute	
  the	
  accelera*on	
  on	
  the	
  mesh.	
  

4. Compute	
  each	
  par(cle	
  accelera*on	
  using	
  the	
  inverse	
  
interpola*on	
  scheme	
  used	
  in	
  step	
  1.

5. Update	
  each	
  par(cle	
  velocity	
  and	
  posi*on	
  -­‐	
  check	
  energy	
  
conserva*on	
  equa*on	
  -­‐	
  modify	
  the	
  *me-­‐step.
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Boxlength
(h-­‐1	
  Mpc)

Resolu?on
(h-­‐1	
  kpc)

Mass	
  resol.

(h-­‐1	
  M⦿)
Number	
  of	
  
par?cles

Ini?al	
  
redshij

Cosmological	
  
model

Computer
(#	
  of	
  cores)

162 2.5 2.109 .5123 90 Λ,	
  SU,	
  RP Titane	
  (64)

162 2.5 2.5.108 .10243 130 Λ,	
  SU,	
  RP BlueGene/P	
  (4096)

648 20 1.5.1011 .5123 55 Λ,	
  SU,	
  RP -­‐

648 10 1.7.1010 .10243 90 Λ,	
  SU,	
  RP BlueGene/P	
  (4096)

648 5 2.109 .20483 90 Λ,	
  SU,	
  RP BlueGene/P	
  (32768)

1296 40 .1012 .5123 40 Λ,	
  SU,	
  RP -­‐

2592 40 .1012 .10243 55 Λ,	
  SU,	
  RP BlueGene/P	
  (4096)

2592 20 1.5.1011 .20483 55 Λ,	
  RP BlueGene/P	
  (24576)

5184 40 .1012 .20483 40 Λ,	
  RP BlueGene/P	
  (24576)

10368 40 .1012 .40963 100 Λ,	
  RP,	
  w Curie	
  Thin	
  (9504)

21000 40 .1012 .81923 100 Λ,	
  RP,	
  w Curie	
  Thin	
  (76032)

Simula?ons	
  done	
  with	
  my	
  collabora?on

Set	
  of	
  31	
  cosmological	
  simula*ons	
  covering	
  a	
  large	
  range	
  
of	
  science	
  topics	
  (scales	
  and	
  cosmological	
  models):
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DEUS	
  cosmological	
  models:

Standard	
  ΛCDM	
  model.

Quintessence	
  models:

Find	
  the	
  poten?al	
  parameters:

• Ratra-­‐Peebles:

• Supergravity:

Phantom	
  model:

Find	
  the	
  equa?on	
  of	
  state:	
  w
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Chapitre 11. Ensemble de simulations Dark Energy Universe Simulation 263

Parameters RPCDM ΛCDM wCDM
Ωm 0.23 0.2573 0.275
Ωb 0.04385 0.04356 0.04356
AS 2.1× 10−9 2.0× 10−9 2.1× 10−9

Derived parameters
σlin

8 0.66 0.801 0.852
w0 −0.87 −1 −1.2
w1 0.08 0 0

Table 11.3: Paramètres cosmologiques des Full Universe Runs pour les modèles réa-
listes. Nous posons les priors suivants : la platitude de l’Univers (ΩQ(Λ) = 1−Ωm), un

index spectral ns = 0.963 et une constante de Hubble h= 0.72.
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Figure 11.4: Ellipses de confiance à 1σ et 2σ pour le fond diffus cosmologique (trait
plein) et les supernovae issues du catalogue UNION (en couleurs). La figure en haut
représente le plan (w − Ωm) alors que la figure en bas représente le plan (w − σ8). Le
modèle ΛCDM, indiqué avec une croix, est central. Le modèle wCDM, indiqué par un
rond, est choisi pour être dans les ellipses à 1σ. Le modèle RPCDM, indiqué avec un

plus, est dans les ellipses de confiance à 2σ.

À nouveau, la même méthode que celle des simulations DEUSS [89] est utilisée pour
trouver les paramètres de ces nouveaux modèles. Ainsi, une analyse Monte-Carlo-Markov-
Chain nous permet de déterminer les paramètres les plus probables à 2σ en accord avec
les supernovae et le CMB pour les divers modèles cosmologiques. Ainsi, pour chaque
modèle, les paramètres sont en accord avec les données observationnelles les plus récentes
ce qui rend nos modèles indistinguables du modèle de concordance ΛCDM au regard
des mesures de distances cosmiques. La normalisation du spectre de puissance linéaire à
8 h−1 Mpc est fixée en accord avec la normalisation du spectre issu des données WMAP7.
Ces considérations nous poussent à choisir le jeu de paramètres cosmologiques indiqué
dans le tableau 11.3 : les modèles sont ordonnés selon leur paramètre de densité Ωm

et leur taux de structuration linéaire σ8. Le modèle de quintessence RPCDM, moins

Chapitre 11. Ensemble de simulations Dark Energy Universe Simulation 256
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Figure 1. 68% and 95% confidence regions in the Ωmh2 − α plane from the combined analysis of the UNION SN Ia Hubble diagram and WMAP-5yrs CMB
data for the Ratra-Peebles (top panel) and SUGRA (bottom panel). A cross mark (X) indicates our realistic quintessence model parameters choice, while
model parameter values assumed in the literature are marked with * (Klypin et al. 2003 and Solevi et al. 2006), o (Dolag et al. 2004), + (Maio et al. 2006), •
(Casarini et al. 2009).

Parameters ΛCDM RPCDM SUCDM

Ωm 0.26 0.23 0.25
α 0 0.5 1

AS 2.1 × 10−9 2.0 × 10−9 2.1 × 10−9

Derived parameters
σlin

8 0.80 0.66 0.73
λ(eV) 2.4 × 10−3 4.9 2.1 × 103

w0 −1 −0.87 −0.94
w1 0 0.08 0.19

Table 2. Cosmological parameters selected for the realistic models. These are flat models (ΩQ(Λ) = 1 − Ωm), with a spectral index ns = 0.963, h = 0.72,
Ωbh2 = 0.02273, and τ = 0.087 corresponding to zreion = 10.1 for RPCDM and zreion = 10.4 for SUCDM respectively.
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Figure 1. 68% and 95% confidence regions in the Ωmh2 − α plane from the combined analysis of the UNION SN Ia Hubble diagram and WMAP-5yrs CMB
data for the Ratra-Peebles (top panel) and SUGRA (bottom panel). A cross mark (X) indicates our realistic quintessence model parameters choice, while
model parameter values assumed in the literature are marked with * (Klypin et al. 2003 and Solevi et al. 2006), o (Dolag et al. 2004), + (Maio et al. 2006), •
(Casarini et al. 2009).

Parameters ΛCDM RPCDM SUCDM

Ωm 0.26 0.23 0.25
α 0 0.5 1

AS 2.1 × 10−9 2.0 × 10−9 2.1 × 10−9

Derived parameters
σlin

8 0.80 0.66 0.73
λ(eV) 2.4 × 10−3 4.9 2.1 × 103

w0 −1 −0.87 −0.94
w1 0 0.08 0.19

Table 2. Cosmological parameters selected for the realistic models. These are flat models (ΩQ(Λ) = 1 − Ωm), with a spectral index ns = 0.963, h = 0.72,
Ωbh2 = 0.02273, and τ = 0.087 corresponding to zreion = 10.1 for RPCDM and zreion = 10.4 for SUCDM respectively.

Figure 11.1: Diagramme de confiance dans le plan (Ωmh2, αQ). Les contours de

confiance à 1σ (en gris foncé) et 2σ (en gris clair) ont été représentés pour les mo-

dèles réalistes de quintessence (RPCDM à gauche et SUCDM à droite). Les paramètres

retenus sont dans l’article de Alimi et al. [89] sont indiqués par une croix blanche. Les

paramètres d’autres auteurs (en 2008) sont indiqués avec un point blanc pour Casarini

et al. [146], une étoile pour Solevi et al. [147], un plus pour Maio et al. [148] et un ovale

pour Dolag et al. [149].

Paramètres ΛCDM RPCDM SUCDM
Ωm 0.26 0.23 0.25
α 0 0.5 1
AS 2.0×10−9 2.1×10−9 2.1×10−9

σlin
8 0.80 0.66 0.73
w0 −1 −0.87 −0.94
w1 0 0.08 0.19

Table 11.2: Paramètres cosmologiques utilisés pour les modèles réalistes. Ces modèles

ont une géométrie plane, ce qui implique ΩQ(Λ) = 1 − Ωm, avec un index spectral

ns = 0.963, une constante de Hubble h = 0.72, un paramètre de densité baryonique

Ωbh2 = 0.02273, et un âge de réionisation τ = 0.087 correspondant à un redshift de

zreion = 10.1 pour RPCDM et zreion = 10.4 pour SUCDM.

Au final, les paramètres retenus pour la réalisation de la série de simulations cosmolo-
giques N-corps Dark Energy Universe Simulation sont résumés dans le tableau 11.2. À
partir de ces paramètres, nous pouvons calculer la fonction de transfert T 2(k) propre à
une cosmologie afin de calculer le spectre de puissance initial de la matière noire P (k) au
niveau du CMB. En supposant un indice spectral proche de 1 et un spectre de densité
post-inflation de la forme P0(k) = Ask1−ns , le spectre de la matière noire s’écrit :

P (k) = T 2(k)P0(k) . (11.1)

La série de simulation Dark Energy Universe Simulation Series a récemment été enrichi

VSU (ϕ) =
λ4+αQ

ϕαQ
e

κ2
2 ϕ2

VRP (ϕ) =
λ4+αQ

ϕαQ

Alimi	
  et	
  al.	
  (2010)
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Cosmological	
  velocity	
  fields:

Probe	
  from	
  small	
  to	
  large	
  
scales.

Sensi*ve	
  to	
  the	
  total	
  mass	
  
(not	
  only	
  the	
  luminous	
  
baryons).

More	
  sensi*ve	
  to	
  large	
  scales	
  
than	
  density	
  fields.
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2.4 Intérêt et obtention des champs de vitesse

Fig. 2.4: Champ de vitesse et spectre de puissance – Illustration des régions du spectre de puissance
auquelles sont sensibles les différentes expériences en cours. Le régime des champs de vitesse
est indiqué au-dessus. On est intrinsèquement limité à 5 h−1Mpc pour la méthode que l’on
va exposer dans la suite et la méthode ne présente à priori pas de limite supérieure si ce n’est
la profondeur des catalogues que l’on peut obtenir (pour l’instant ∼1 h−1Gpc).

2.4.2 Les distances dans l’Univers / Mesurer les vitesses

Malheureusement pour nous, il est difficile de mesurer les vitesses propres des galaxies qui sont
situées trop loin pour que les méthodes astrométriques standards puissent être utilisées (par exemple
la méthode des parallaxes). On doit donc utiliser des indicateurs de distance qui ont été obtenus et
calibrés empiriquement a partir d’objets de l’Univers extrêmement proche. Ces indicateurs sont basés
typiquement sur une caractéristique physique observée qui ne dépend pas de la distance à l’objet.

Plusieurs indicateurs ont été construits. On peut en citer quelques-uns dont :5

1. Les céphéides : ce sont des étoiles variables dont l’atmosphère externe pulse avec une période
de 2 à 100 jours. Elles sont particulièrement abondantes dans les galaxies du Volume local
(∼10 Mpc/h). On connâıt très bien théoriquement le mécanisme de la pulsation et on a établi
empiriquement que la période de la pulsation, qui ne dépend pas de la distance, est reliée à la
luminosité intrinsèque de l’étoile. Il existe une dispersion de l’ordre de 20% en luminosité dans
cette relation, ce qui correspond à une erreur de 10% sur la distance. On présente, figure 2.5, le
diagramme de Hubble obtenu par le HST Key Project (Freedman et al., 2001a). Malheureuse-
ment, cette méthode, assez précise, n’est pas utilisable pour le moment au-delà de ∼20 h−1Mpc,
distance qui ne permet plus la détection des céphéides. Nous devons donc utiliser des objets plus
lumineux.

2. Supernovae de type Ia : Les supernovae de type Ia (SN Ia) sont des indicateurs de distance po-
tentiellement très performants pour la cosmologie observationnelle moderne. La relation établie
entre le temps caractéristique de leur évolution et leur luminosité maximale est utilisée comme
indicateur. L’incertitude sur la luminosité est de l’ordre de 12%, ce qui nous amène à une incer-
titude de 6% sur la distance. Comme leur luminosité est de l’ordre de grandeur d’une galaxie
de taille moyenne, cela rend les SN Ia les indicateurs de distance les plus précis et les plus pro-

5Nous conseillons au lecteur avide de détails de se reporter à la revue Freedman (2000).
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Cosmological	
  velocity	
  fields:

Small	
  scales:	
  1E0657-­‐56	
  (Bullet	
  cluster)

Intermediate	
  scales:	
  Virgocentric	
  infall

Large	
  scales:	
  Bulk	
  (spherically	
  averaged)	
  cosmic	
  mo*on
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The observed infall of galaxies towards the Virgo cluster 15
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  of	
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  on	
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1E0657-­‐56	
  (BC)	
  is	
  the	
  most	
  famous	
  bullet	
  system:

Main	
  cluster	
  mass	
  1015	
  h-­‐1	
  M⦿.

Ra*o	
  10:1	
  at	
  z=0.296.

The	
  gas	
  of	
  the	
  main	
  cluster	
  is	
  
ripped	
  off	
  the	
  gravitaional	
  
poten*al!

Velocity	
  of	
  the	
  shock	
  front	
  
is	
  4700	
  km/s.

Doesn’t	
  mean	
  the	
  dark	
  ma}er
velocity	
  is	
  so	
  high.

14
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Other	
  bullet	
  systems:

El	
  Gordo	
  (ACT-­‐CL	
  J0102-­‐4915)
(mass	
  ra*o	
  2:1	
  z=0.87)

15

MACS	
  J0025.4-­‐1222	
  
(mass	
  ra*o	
  1:1	
  z=0.586)
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How	
  such	
  galaxy	
  cluster	
  pairs	
  form?

Mastropietro	
  &	
  Burkert	
  (2008)	
  pave	
  the	
  ini*al	
  parameters	
  
space	
  to	
  understand	
  how	
  the	
  gas	
  of	
  the	
  main	
  halo	
  
can	
  be	
  ripped	
  of	
  the	
  poten*al	
  (3D	
  hydro	
  
simula*on)

Ini*al	
  condi*ons:	
  

Ini?al	
  redshij:	
  z=0.486.

Mass	
  ra?os:	
  6:1	
  beter	
  than	
  10:1.

Ini?al	
  rela?ve	
  (pairwise)	
  veloci?es:	
  3000	
  km/s.

Careful:	
  non-­‐cosmological	
  simula*ons.
16

970 C. Mastropietro and A. Burkert

Figure 1. Upper panel: 500-ks Chandra image of the system with weak
lensing k reconstruction shown in green (courtesy of D. Clowe and repro-
duced by permission of the AAS). Central and bottom panels: 0.8–4 keV
surface brightness maps of runs 6:vb0 and 6:v3000b0. Logarithmic colour
scaling is indicated by the key at the bottom of the figure with violet corre-
sponding to 1038 erg s−1 kpc−2 and white to 2 × 1041 erg s−1 kpc−2. White
contours trace the total surface mass density of the system within 2.3 × 103

and 2.3 × 108 M# kpc−2. The box size is 1800 kpc.

a Raymond–Smith code (Raymond & Smith 1977) for a gas of
primordial composition. The energy band (0.8–4 keV) is chosen
in such a way to reproduce the 500-ks Chandra ACIS-I image of
the Bullet Cluster (Markevitch 2006). The entire energy band, used
to calculate bolometric X-ray luminosities in the following of the
paper, goes from 5 eV to 5 × 104 keV.

Table 2. Present time.

Run ! offset (bullet) offset (main) vgas vdark

6:1b0 753 278 188 3215 4715
6:1v3000b0 741 213 66 3131 3134
6:1 742 237 128 3609 4756
6:1v3000 729 185 172 2893 3137
6:1v2000 721 126 230 2849 2425
3:1 784 162 223 3908 4076
8:1 737 228 117 3647 4858
6:1v3000big 725 139 92 3927 3528
6:1c4 735 151 192 4168 4799
6:1lfg 718 200 189 3811 4804
3:1lfg 779 197 242 3746 4145
6:1c 736 234 127 3497 4806
3:1clfg 780 228 272 3595 4205
10:1vb0c2 757 22 119 3224 2718
10:1vb0c2nfw 756 26 35 3284 2507

Note. ! is the projected (perpendicular to the plane of the encounter)
distance between the peaks of the total mass distributions, associated with
the two clusters. The third and fourth columns represent the projected offset
between each X-ray peak and the associated mass density peak. vgas and
vdark are the subcluster gas and dark matter velocity calculated in the centre
of mass system of reference.

The lower two panels of Fig. 1 show that after an encounter
with zero impact parameter the displacement of the main cluster’s
X-ray peak is aligned with the x-axis. A large relative velocity
(central panel) induces a significant offset between the dark and
baryonic component of the main cluster (see Table 2 for details) but
it also leads to substantial disruption of the main cluster gaseous
core. Moreover, the displacement of the bullet from its dark halo
(278 kpc) is much larger than observed. Decreasing the relative
velocity between the two clusters (bottom panel) two X-ray peaks
are clearly visible but the displacement of the main cluster gas
is now negligible due to the lower ram-pressure experienced by
the main cluster core. SF07 (fig. 7 in their paper) provide further
examples of head-on encounters with even lower mass ratios and
relative velocities (v = 2600 km s−1 in the centre of mass rest frame).
Even assuming extremely low concentrations (c = 2) for the main
halo, the authors never reproduce the displacement observed in the
two systems. Increasing the concentration strongly increases the
luminosity of the main cluster, which appears much brighter than
the bullet, contrary to what is observed.

A bow shock is clearly visible on the right-hand side of each
image. The shape of the shock front is only marginally dependent
on the kinematics of the model while the distance between the edge
of the bullet (the so called contact discontinuity) and the shock
front becomes larger for decreasing bullet velocities. The contact
discontinuity itself is much flatter in the case of 6:1b0 than in
the low-velocity encounter 6:1v3000b0 and clearly not comparable
to observations, which show a more narrow structure. In general,
a more efficient ram-pressure during the phase of core–core in-
teraction is associated with a larger opening angle of the contact
discontinuity at the present time (Quilis & Moore 2001).

3.2 X-ray morphology: b > 0

The rest of the runs listed in Table 1 have an impact parameter b
equal to 150 kpc, comparable to the core radius rc of the main cluster
gas distribution for most of the models. For a plasma distributed
according to a β profile like the one adopted in this paper the

C© 2008 The Authors. Journal compilation C© 2008 RAS, MNRAS 389, 967–688
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Is	
  this	
  a	
  problem	
  for	
  the	
  standard	
  picture	
  of	
  cosmology?

Such	
  an	
  event	
  can	
  rule	
  out	
  an	
  en*re	
  cosmological	
  model!

Use	
  very	
  large	
  numerical	
  simula*ons	
  to	
  look	
  for	
  the	
  ini*al	
  
condi*ons	
  of	
  Mastropietro	
  &	
  Burkert	
  (2008).

DEUS:	
  Full	
  Universe	
  Run	
  is	
  the	
  perfect	
  simula*on:

High	
  mass	
  resolu?on.

Large	
  volume	
  to	
  get	
  extreme	
  events	
  and	
  high	
  halo	
  abundance.

17
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Distribu*on	
  of	
  v12	
  to	
  know	
  if	
  some	
  objects	
  may	
  have	
  the	
  
good	
  ini*al	
  velocity:

Large	
  pairs	
  velocity	
  
are	
  definitely	
  there.

But,	
  the	
  BC	
  ini*al	
  condi*ons	
  
require	
  a	
  given	
  average	
  mass.

Distribu*on	
  in	
  (M,v12)	
  plane	
  
to	
  know	
  if	
  some	
  objects	
  may	
  
match	
  the	
  good	
  ini*al	
  
condi*on. 0 1000 2000 3000 4000
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Redshi�	
  dependence	
  of	
  (M,v12)	
  plane:
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Redshi�	
  dependence	
  of	
  (M,v12)	
  plane:

Due	
  to	
  our	
  large	
  sta*s*cs,	
  
two	
  regions	
  appear	
  in
the	
  simula*ons.

In	
  blue,	
  standard	
  BC:	
  a
cluster-­‐subcluster	
  
collision.

In	
  red,	
  MACS	
  J0025.4-­‐1222,
a	
  cluster-­‐cluster	
  interac*on.

Not	
  a	
  lot	
  of	
  BC	
  candidates	
  around	
  blue	
  lines...
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Cosmology	
  dependence	
  of	
  (M,v12)	
  plane	
  (@	
  z=0):
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Cosmology	
  dependence	
  of	
  (M,v12)	
  plane	
  (@	
  z=0):

In	
  the	
  Ratra-­‐Peebles	
  model,	
  it	
  is	
  NOT	
  possible.

In	
  a	
  phantom	
  cosmology,	
  it	
  is	
  possible	
  (many	
  candidates).

The	
  limit	
  case	
  is	
  the	
  standard	
  cosmology	
  (1	
  candidate)...

22
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Usual	
  approach	
  is	
  to	
  model	
  the	
  tail	
  of	
  the	
  pairwise	
  velocity	
  
PDF	
  as	
  a	
  gaussian.

However,	
  we	
  already	
  know	
  it	
  is	
  not!

Tails	
  of	
  distribu*on	
  have	
  something	
  to	
  do	
  with	
  Pareto	
  func*on.	
  

A	
  gaussian	
  modeling	
  can	
  lead	
  to	
  an	
  under-­‐(over-­‐)es*ma*on	
  of	
  
the	
  probability	
  of	
  occurence.

Previous	
  studies	
  (Hayashi	
  et	
  al.,	
  Lee	
  et	
  al.,	
  Thompson	
  et	
  al.)	
  
use	
  gaussians:

Their	
  conclusions:	
  the	
  BC	
  is	
  impossible	
  (10-­‐9)	
  in	
  LCDM	
  model.

23
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Extreme	
  value	
  approach:

Define	
  an	
  extremal	
  event:	
  choose	
  of	
  threshold	
  

Tail	
  of	
  our	
  velocity	
  distribu*on	
  is	
  a	
  generalized	
  Pareto	
  func*on:

What	
  is	
  the	
  evolu*on	
  of	
  the	
  tail	
  index	
  with	
  the	
  threshold?	
  

24
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The	
  tail	
  index	
  is	
  close	
  to	
  zero	
  (gaussian	
  case)	
  but	
  not	
  
exactly	
  zero	
  (10-­‐2).

Higher	
  proba
of	
  BC	
  (v>3000):

RPCDM:	
  3.10-­‐8

LCDM:	
  9.10-­‐7

wCDM:	
  3.10-­‐6
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Observa*onal	
  state:

COMPOSITE	
  (SFI++,	
  SBF...),	
  2MRS,	
  6dF...

Two	
  measured	
  facts:

Non-­‐reconvergence	
  of	
  the	
  spherical	
  mean	
  
of	
  the	
  velocity	
  fields	
  at	
  large	
  scales	
  towards
the	
  CMB	
  dipole.

27

Référen?el	
  CMB
�vCMB = �0

270 J. Colin et al.

Figure 6. The top panel shows the dipole from the maximum likelihood
analysis in the redshift band 0.015 < z < 0.025 (61 SNe Ia). The best-fitting
point is at (b = 16◦, ! = 271◦) for Vbulk = 250 km s−1 and the red and
green contours are the 1σ and 2σ confidence regions. The large blue spot
is the direction of CMB dipole (b = 30◦ ± 2, ! = 276◦ ± 3). The larger
yellow spot, close to the CMB direction, is the best-fitting direction from
the residuals analysis and the smaller black spot is the best-fitting direction
from the maximum likelihood analysis (the magnitude of the dipole was
given in Fig. 8). The bottom panel shows the dipole for the redshift range
0.015 < z < 0.035 (109 SNe Ia). The blue spot is the CMB dipole and the
black spot at b = 21◦, ! = 287◦ is the best fit from the likelihood analysis
for Vbulk = 260 km s−1, while the red and green patches are the 1σ and 2σ

confidence regions.

we cannot single out #CDM as the preferred model of the Uni-
verse. The data become rather sparse at high redshift and the error
in distance measures increases, so the data may also agree with
alternative anisotropic models.

At low redshift, our results are rather robust and we find a bulk
flow of about 260 km s−1 in the direction of the Shapley supercluster.
We show that the Union 2 data provide the first evidence of the infall
on to Shapley; SNe Ia which are falling away from us and towards
Shapley are statistically dimmer than those which lie beyond this
supercluster and are falling towards us. We see no indication of the
decay of the bulk flow after Shapley which suggests that the scale of
anisotropy of our local Universe is bigger than is usually assumed
and extends beyond z ∼ 0.1.

Our analysis and results are important for the study of the expan-
sion history of the Universe and the properties of dark energy. In all
SNe Ia compilations, an uncertainty of 300–500 km s−1 is assumed
for each data point to allow for bias introduced by random pecu-
liar velocities. However when there is a coherent motion of SNe Ia
towards a specific direction, this bias cannot be removed by just
increasing the size of the error bar (i.e. assuming the peculiar veloc-
ities to be random). We will present in future work the effect of this
systematic motion of SNe Ia at low redshifts on the reconstruction
of the expansion history of the Universe and estimation of cosmo-

Figure 7. The top panel is for the range 0.015 < z < 0.045 (127 SNe Ia)
and the bottom panel is for 0.015 < z < 0.06 (142 SNe Ia). The blue spot is
the CMB dipole (b = 30◦ ± 2, ! = 276◦ ± 3) and the black spots are the
best fit from the likelihood analysis at (b = 15◦, ! = 291◦) for Vbulk =
270 km s−1 for the top panel and at (b = 8◦, ! = 298◦) for Vbulk =
260 km s−1 for the bottom panel, while the red and green patches are the 1σ

and 2σ confidence regions.

Figure 8. The bulk flow as a function of redshift from the likelihood anal-
ysis. We see that a fast flow with Vbulk = 260 km s−1 persists up to at least
z = 0.06 and systematically exceeds the peculiar velocity expected in #CDM
(blue line) normalized to WMAP-5 parameters (Watkins et al. 2009).

logical parameters like q(z), w(z) or ‘Om’(z) (Sahni, Shafieloo &
Starobinsky 2008; Shafieloo, Sahni & Starobinsky 2009).

We also note the interesting observation by Tsagas (2010) that
observers with peculiar velocities have local expansion rates which
are appreciably different from the smooth Hubble flow, so can ex-
perience apparently accelerated expansion when the Universe is
actually decelerating. Thus, whether dark energy really needs to be

C© 2011 The Authors, MNRAS 414, 264–271
Monthly Notices of the Royal Astronomical Society C© 2011 RAS

– 11 –

Fig. 1.— Upper panels: (a)-(d) Monopole and dipole terms for θSZ = min[(1, 2, 4, 6) ×
θX−ray, 30′] with 1-σ standard deviations. Values at the maximal aperture, which have the

lowest monopole term, are marked with filled circles. The averaged monopole and dipole
components are weighted with statistical uncertainties. The statistical significance of the
KSZ component improves as more of the cluster pixels producing the signal are included at

higher z. The noise of our measurement of the dipole at 1.8(Ncl/100)−1/2µK with three-year
WMAP data is in good agreement with the expectations of KA-B. Lower panel. (e) - Outer

z-bins with signal measured at >
∼
2σ. Filled circles show the values from Table 1 of KA-BKE

at the maximal aperture vs the median z; open symbols show the same vs the mean z. The

two symbols are connected to show the uncertainty in the scale on which the flow is probed.
Signal recovered at θSZ = min[(1, 2, 4) × θX−ray, 30′] is shown with 1σ error bars; from left
to right in order of increasing aperture. The values are slightly displaced around the true

zmedian for clearer display. (f) - Comparison between theoretically expected bulk flow and
the measurements. The rms bulk velocity for the concordance ΛCDM model which best

fits the WMAP 3-year data for top-hat (solid line) and Gaussian (dashes) windows; shaded
region marks the 95% cl from cosmic variance. The results of this study, translated into

km/sec using
√

C1,100 = 0.3µK, are shown with 1-σ errors vs the mean/median redshift of
the clusters in each cumulative z-bin. The horizontal bars connect zmean with zmedian. The
results in shells from Table 1 in KA-BKE are omitted in this comparison because of the

theoretical windows plotted, but they show that the motion extends to mean redshift >
∼
0.18

well beyond the horizontal range of the figure.

Colin	
  et	
  al.	
  (2011) Kashlinsky	
  et	
  al.	
  (2008)
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Two	
  measured	
  facts:

Maximum	
  of	
  cosmic	
  flows	
  at	
  intermediate	
  scales.

Is	
  this	
  an	
  issue	
  for	
  ΛCDM?

Is	
  there	
  a	
  problem	
  with	
  hierarchical	
  models?

Explana*on	
  with	
  dynamical	
  or	
  sta*s*cal	
  arguments?
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Figure 5. The bulk flow of the composite catalogues as a function of RI . Note that the data points are not independent, but rather are
highly correlated. In the Galactic y direction (upper right panel), there is a consistent and robust flow exhibited by all catalogues that
probe large scales, and this is reflected in the BF magnitude (lower right panel).

described above for a specific set of values for the cosmo-
logical parameters. Here we use the ΛCDM power spectrum
model of Eisenstein & Hu (1998) and the WMAP5 central
parameters as described above. While this statistic has been
calculated previously for MLE bulk flow moments, the ad-
vantage of the new MV moments is that, for the case of
RI = 50h−1Mpc, they have been designed to be sensitive
only to scales of order 100h−1Mpc and larger. Thus we will

be able to probe these scales without having to worry about
the influence of smaller scales. Further, by isolating the very
large scale motions, we will see that we will be able to put
stronger constraints on power spectrum parameters.

In Table 4 we show the expected r.m.s. bulk flow for the
WMAP5 (Ωm, σ8) parameters for the COMPOSITE cata-
logue at a scale of RI = 50h−1 Mpc. As can be seen by
comparing Table 4 with the values in Table 1, the mea-

c© 0000 RAS, MNRAS 000, 000–000

Watkins	
  et	
  al.	
  (2009)

Lavaux	
  et	
  al.	
  (2010)
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  CEPE[IAG

Sta*s*cal	
  behaviour	
  on	
  bulk	
  flows:	
  build	
  numerical	
  
catalogs	
  in	
  DEUSS	
  simula*ons:

Realis*c	
  catalog:	
  Extrema	
  in	
  agreement	
  with	
  obs.

Linear	
  catalog:	
  profile	
  in	
  agreement	
  with	
  lin.	
  predic*on.	
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

NXYBKFHE[	
  CEPE[IAG

Catalogs	
  mean	
  trend	
  (	
  	
  	
  	
  	
  	
  &	
  bulk	
  flow):

30

σR
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

NXYBKFHE[	
  CEPE[IAG

Catalogs	
  mean	
  trend	
  (	
  	
  	
  	
  	
  	
  &	
  bulk	
  flow):

30

σR
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

LFCN	
  |FP}	
  ICFPFE[	
  CICDFPFICG

An	
  ini*al	
  condi*on	
  issue:

Follow	
  the	
  evolu*on	
  
backward	
  in	
  *me	
  of	
  each	
  
member	
  of	
  catalogs.

Compute	
  mean	
  bulk	
  flow	
  
renormalized	
  by	
  linear	
  
evolu*on	
  factors.

The	
  bulk	
  flow	
  stays	
  the	
  
same	
  through	
  *me:	
  it	
  
results	
  from	
  a	
  linear	
  
evolu*on.

31
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III.SFpFLoFLKpm	
  LEFnG�GnFpFLHE	
  H�	
  p	
  
qLrq	
  �nmHKLFt	
  KHosLK	
  �mH�o

1) Bulk	
  flow	
  predic*on:	
  1-­‐point	
  pdf
2) Bulk	
  flow:	
  N-­‐point	
  pdf
3) Bulk	
  flow	
  linear	
  devia*on:	
  2-­‐point	
  pdf
4) Retrieving	
  cosmology:	
  3-­‐point	
  pdf
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

BX[N	
  F[I|:	
  1-­‐~IFCP	
  ~DM

Gaussian	
  ini*al	
  condi*ons	
  in	
  a	
  given	
  model:	
  what	
  is	
  the	
  
probability	
  to	
  have	
  a	
  bulk	
  flow	
  v1	
  in	
  a	
  sphere	
  of	
  radius	
  R1?

Standard	
  issue	
  in	
  the	
  kine*c	
  theory	
  of	
  gases:

v1,j	
  is	
  gaussian:	
  its	
  norm	
  is	
  a	
  Maxwell-­‐Boltzmann	
  distribu*on:

33
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P (�v1)d3�v1 = P (v1,x, v1,y, v1,z)dv1,xdv1,ydv1,z

= P (v1,x)dv1,xP (v1,y)dv1,yP (v1,z)dv1,z
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

BX[N	
  F[I|:	
  N-­‐~IFCP	
  ~DM

Let	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  a	
  set	
  of	
  bulk	
  flows	
  at	
  N	
  radii.

What	
  is	
  the	
  probability	
  to	
  get	
  a	
  par*cular	
  set	
  of	
  bulk	
  flows	
  in	
  
a	
  given	
  cosmology	
  C	
  ?

Quan*fica*on	
  of	
  correla*ons	
  between	
  scales:

Gaussian	
  ini*al	
  condi*ons:

34
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

BX[N	
  F[I|:	
  N-­‐~IFCP	
  ~DM

Simplifica*on:	
  reduced	
  variables	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .

For	
  the	
  k-­‐th	
  component	
  of	
  the	
  bulk	
  flow	
  vector:

with	
  C	
  the	
  covariance	
  matrix	
  linking	
  scales:

Independence	
  of	
  the	
  x,	
  y,	
  z	
  components:

35
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

BX[N	
  F[I|:	
  N-­‐~IFCP	
  ~DM

Quan*fy	
  the	
  norm	
  of	
  the	
  bulk	
  flow:

Introduce	
  the	
  rela*ve	
  angle	
  αij	
  between	
  direc*ons	
  i	
  and	
  j	
  of	
  
the	
  bulk	
  flow	
  in	
  spherical	
  coordinates	
  (M=C-­‐1):

36
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

BX[N	
  F[I|:	
  N-­‐~IFCP	
  ~DM

What	
  is	
  the	
  probability	
  to	
  get	
  a	
  given	
  cosmic	
  flows	
  
profile?

To	
  marginalize	
  on	
  the	
  angles,	
  we	
  need	
  to	
  know	
  the	
  link	
  
between	
  spherical	
  coordinates	
  of	
  vi	
  and	
  αij:

A	
  simplifica*on	
  is	
  possible	
  under	
  axes	
  rota*on	
  in	
  some	
  cases:

2-­‐point	
  pdf:	
  

3-­‐point	
  pdf:

37

cos αij = sin θi sin θj (cos φi cos φj + sinφi sin φj) + cos θi cos θj

θ1 = φ3 = 0 any φ1

cos α12 = cos θ2

cos α13 = cos θ3

cos α23 = sin θ2 sin θ3 cos φ2 + cos θ2 cos θ3

θ1 = 0 θ2 = α12

any φ1 any φ2

(+circ.	
  perm)
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

BX[N	
  F[I|:	
  2-­‐~IFCP	
  ~DM

What	
  is	
  the	
  probability	
  to	
  observe	
  a	
  given	
  bulk	
  flow	
  
profile	
  as	
  Watkins	
  et	
  al.?

38
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Proba th. Proba num.

ΛCDM 1.58% 1.56%

SUCDM 1.27% 1.17%

RPCDM 0.95% 0.82%
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

BX[N	
  F[I|:	
  2-­‐~IFCP	
  ~DM

The	
  probability	
  to	
  observe	
  such	
  a	
  bulk	
  flow	
  is	
  low:

This	
  is	
  a	
  rare	
  event	
  in	
  a	
  given	
  cosmology.

Coherent	
  picture	
  between	
  numerical	
  and	
  sta*s*cal	
  points	
  of	
  
view.

In	
  all	
  cosmological	
  models,	
  such	
  observa*ons	
  are	
  
predicted	
  by	
  linear	
  theory	
  but	
  are	
  proved	
  to	
  be	
  rare.

How	
  can	
  we	
  retrieve	
  the	
  cosmological	
  informa*on?

39
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

BX[N	
  F[I|:	
  3-­‐~IFCP	
  ~DM

Have	
  to	
  do	
  deeper	
  survey	
  un*l	
  a	
  scale	
  R3:	
  the	
  scale	
  of	
  
reconvergence	
  to	
  the	
  linear	
  predic*on	
  is	
  a	
  cosmological	
  
probe.

Method:	
  this	
  hypothe*c	
  scale	
  of	
  reconvergence	
  is	
  
varying.

Probability	
  of	
  3	
  bulk	
  flows	
  at	
  3	
  scales:	
  3-­‐point	
  pdf.

Strong	
  correla*on	
  between	
  3	
  bulk	
  flow	
  vectors.

3	
  rela*ve	
  angles:	
  non-­‐separable	
  integra*on.

Hypothesis:	
  two	
  rela*ve	
  angles	
  are	
  small.

40
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

BX[N	
  F[I|:	
  3-­‐~IFCP	
  ~DM

3-­‐point	
  PDF:

The	
  differen*al	
  probability	
  
of	
  reconvergence	
  is	
  given	
  by:

The	
  probability	
  of	
  
reconvergence	
  is	
  given	
  by:	
  

41
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

BX[N	
  F[I|:	
  3-­‐~IFCP	
  ~DM

An	
  original	
  cosmological	
  probe:

The	
  scale	
  of	
  reconvergence	
  to	
  linear	
  theory	
  @	
  95%.

42
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

CICH[XGFICG	
  (GI	
  MEK)

Large	
  bulk	
  flows	
  in	
  apparent	
  disagreement	
  with	
  linear	
  
theory	
  at	
  large scales:	
  a	
  problem	
  for	
  hierarchical	
  CDM	
  
models?

High	
  cosmic	
  flows	
  come	
  from	
  a	
  sta*s*cally	
  rare	
  event	
  
(~ %)	
  in	
  agreement	
  with	
  the	
  linear	
  theory	
  and	
  
consistent	
  with	
  numerical	
  simula*ons.

This	
  rare	
  feature	
  gives	
  birth	
  to	
  an	
  original	
  cosmological	
  
probe.

43

jeudi 17 janvier 2013



IV.LpGrn-­‐oKpmn	
  potssnFGt:	
  HGLrLE	
  
H�	
  qLrq	
  �nmHKLFt	
  KHosLK	
  �mH�o

1) Qualita*ve	
  approach	
  of	
  density	
  field
2) Quan*ta*ve	
  approach:	
  asymmetry	
  index
3) A	
  characteris*c	
  scale
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

QXE[FPEPFJB	
  E~~KIEH}

Reconvergence	
  of	
  the	
  bulk	
  flow	
  intui*vely	
  linked	
  with	
  
an	
  homogeniza*on	
  of	
  the	
  density	
  field	
  at	
  higher	
  scales:

What	
  is	
  the	
  dynamical	
  origin	
  of	
  the	
  high	
  velocity	
  bulk	
  flow	
  at	
  
intermediate	
  scales	
  in	
  a	
  rare	
  environment?

How	
  to	
  characterize	
  the	
  density	
  field	
  to	
  find	
  this	
  origin?

Bulk	
  flow	
  is	
  a	
  vector	
  (i.e.	
  a	
  direc*onal	
  quan*ty):

For	
  the	
  density	
  field,	
  a	
  direc*on	
  can	
  be	
  introduced:	
  the	
  
center	
  of	
  mass	
  of	
  a	
  sphere.

45
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

QXE[FPEPFJB	
  E~~KIEH}

Example:	
  Mollweide	
  projec*on	
  (53	
  h-­‐1	
  Mpc)

46

Bulk direction at 53 h-1 Mpc

CoM direction at 53 h-1 Mpc
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

QXE[FPEPFJB	
  E~~KIEH}

Example:	
  Mollweide	
  projec*on	
  (85	
  h-­‐1	
  Mpc)

47

Bulk direction at 53 h-1 Mpc

CoM direction at 85 h-1 Mpc
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

QXECPFPEPFJB	
  A~~KIEH}

The	
  center	
  of	
  mass	
  approach	
  suffers	
  from	
  many	
  issues	
  
(e.g.	
  normalisa*on	
  problem).

More	
  accurate	
  and	
  efficient	
  tool:	
  an	
  es*mator	
  of	
  
asymmetry	
  of	
  spheres	
  (or	
  shells).

Direc*on	
  of	
  the	
  asymmetry	
  AR

given	
  by	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .

48
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

QXECPFPEPFJB	
  A~~KIEH}

Mean	
  of	
  asymmetry	
  indexes	
  on	
  linear	
  (red)	
  and	
  realis*c	
  
(blue)	
  numerical	
  catalogs	
  in	
  spheres.

Two	
  par*cular	
  scales	
  for	
  the	
  realis*c	
  catalog:

Deple*on	
  @	
  60	
  h-­‐1	
  Mpc.

Bump	
  @	
  85	
  h-­‐1	
  Mpc.

Link	
  between	
  this	
  bump	
  
of	
  asymmetry	
  and	
  the	
  
bump	
  of	
  bulk	
  flow?

49
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

A	
  H}EKEHPBKFGPFH	
  GHE[B

Alignment	
  between	
  the	
  bulk	
  flow	
  at	
  
53	
  h-­‐1	
  Mpc	
  and	
  the	
  asymmetry	
  
vector	
  in	
  shells	
  at	
  radius	
  R?	
  

Realis*c	
  catalog:	
  scales	
  between	
  60	
  
and	
  100	
  h-­‐1	
  Mpc,	
  peaking	
  at	
  85	
  h-­‐1	
  
Mpc.

Linear	
  catalog:	
  no	
  par*cular	
  scales.

Perfect	
  alignment	
  of	
  the	
  bulk	
  flow	
  
at	
  53	
  h-­‐1	
  Mpc	
  and	
  the	
  asymmetry	
  in	
  
shells	
  at	
  radius	
  85	
  h-­‐1	
  Mpc.	
  

50��Vbulk(53Mpc). �A(R)�
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

A	
  H}EKEHPBKFGPFH	
  GHE[B

Asymmetry	
  integrated	
  in	
  spheres:

Scalar	
  product	
  of	
  the	
  bulk	
  flow	
  vector	
  at	
  radius	
  R	
  with	
  the	
  
asymmetry	
  in	
  spheres	
  of	
  larger	
  radius	
  R+δR.

The	
  mean	
  shi�	
  δR
between	
  the	
  velocity	
  
and	
  the	
  density
fields	
  is:

δR=32	
  ±	
  4.1	
  h-­‐1	
  Mpc.

51
Alignement

��Vbulk(R). �A(R + δR)�
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V.S�pFLpm	
  ILoFGL�JFLHE	
  H�	
  qLrq	
  
�nmHKLFt	
  KHosLK	
  �mH�o

1) Origin	
  of	
  asymmetry
2) Density	
  peak	
  reconstruc*on
3) Distance	
  to	
  neighboring	
  density	
  peaks
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

OKFAFC	
  IM	
  EGLYYBPKL

The	
  centers	
  of	
  the	
  
realis*c	
  catalog	
  are	
  not	
  
randomly	
  distributed.

What	
  structures	
  (voids,	
  
filaments,	
  clusters...)	
  can	
  
trigger	
  such	
  an	
  
asymmetry?

Characterize	
  neighbors	
  
density	
  peaks.

53

101 102

10 3

10 2

10 1

100

101

102

103

Pair separation r (h 1 Mpc)

(r)

 

 

= 1.8 slope
Realistic catalogue
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

DBCGFPL	
  ~BEN	
  KBHICGPKXHPFIC

Compute	
  accurate	
  density	
  field	
  from	
  a	
  set	
  of	
  par*cles	
  
using	
  SPH	
  smoothing:

One	
  free	
  parameter:	
  kernel	
  λ.

54
x (h−1Mpc)

x (h−1Mpc)

x (h−1Mpc)

log(1 + δ)

log(1 + δ)

log(1 + δ)

2λ2

2λ1

2λ3

ρi = ρ(�ri) = m
�

j

W (|�ri − �rj |, λ)

jeudi 17 janvier 2013



07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

The	
  mean	
  mass	
  contained	
  in	
  a	
  SPH	
  bubble	
  of	
  mean	
  
density	
  δ	
  is:

Compute	
  separa*ons	
  between	
  closest	
  density	
  peaks	
  
and	
  centers	
  of	
  the	
  realis*c	
  catalog:

Clear	
  defini*on	
  of	
  centers	
  of	
  the	
  realis*c	
  catalog.	
  

What	
  closest	
  density	
  peaks?

Second	
  free	
  parameter:	
  peak	
  height	
  threshold	
  Δ.

Remaining	
  issue:	
  determine	
  the	
  (λ,Δ)	
  parameters.

55

DFGPECHB	
  PI	
  CBFA}vIKFCA	
  ~BENG

M̄ =
4
3
πλ3ρ̄(1 + δ)
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on
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A	
  univocal	
  way	
  to	
  set	
  the	
  free	
  parameters	
  (λ,Δ):
Sta*s*cal	
  criterion	
  on	
  the	
  cdf	
  of	
  overdensi*es:	
  1σ,	
  3σ,	
  5σ	
  
confidence	
  levels.

DFGPECHB	
  PI	
  CBFA}vIKFCA	
  ~BENG
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07/12/12 Imprints	
  of	
  Dark	
  Energy	
  on	
  structure	
  forma?on

DFGPECHB	
  PI	
  CBFA}vIKFCA	
  ~BENG

Histogram	
  of	
  the	
  distance	
  between	
  an	
  observer	
  with	
  
high	
  velocity	
  cosmic	
  flows	
  and	
  a	
  density	
  peak	
  smoothed	
  
at	
  radius	
  λ	
  and	
  above	
  threshold	
  Δ.

Colors	
  indicate	
  various	
  thresholds	
  based	
  on	
  the	
  σ one.
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Varia*on	
  with	
  the	
  kernel:

1	
  σ	
  density	
  peaks:	
  plateau	
  
+	
  quick	
  decrease.

3	
  σ	
  density	
  peaks:
gaussian	
  (similar	
  moments).

5	
  σ	
  density	
  peaks:
depends	
  on	
  the	
  kernel.

Whatever	
  λ,	
  peak	
  height	
  at	
  
3	
  σ gives	
  M=7.1014	
  h-­‐1	
  M⦿	
  
at	
  80	
  	
  h-­‐1	
  Mpc.
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A	
  cluster	
  candidate	
  in	
  the	
  Zone	
  of	
  Avoidance	
  (Ebeling	
  et	
  al.	
  2002,	
  
Kocevski	
  et	
  al.	
  2005)

Ophiuchus	
  cluster, mass 5.1014	
  h-­‐1	
  M⦿,	
  at	
  80	
  h-­‐1	
  Mpc. 
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sion at very low Galactic latitude and to allow redshift
measurements fromX-ray emission lines.

5.2. Total Cluster Fluxes

As mentioned before in x 4.1, the X-ray fluxes and lumi-
nosities used thus far are based on the count rates listed in
the BSC for circular detection apertures of, typically, 50

radius. Especially for the most nearby systems at cz < 7500
km s!1, which are the most relevant ones for large-scale flow
studies, these count rates are likely to be subject to substan-
tial systematic uncertainties in addition to the statistical
errors. At such a short distance, the standard RASS BSC
detect cell of radius 50 contains less than a quarter of the

total X-ray flux from a cluster whose radial X-ray surface
brightness profile follows the canonical ! model (rc ¼ 250
kpc, ! ¼ 2

3; Cavaliere & Fusco-Femiano 1976).
Rather than extrapolating the BSC detect cell values to

larger radii, we prefer to obtain more robust estimates of the
total cluster count rates (and thus total fluxes and luminosi-
ties) directly from the RASS raw data. To this end we
recompute the X-ray centroid of each cluster as the position
of the X-ray peak within a 2# 2 h!2

50 Mpc2 box5 after
smoothing (convolving) the RASS count rate image in the
broad band (channels 11–235) with a Gaussian kernel of

Fig. 7.—Locations of the 73 CIZA clusters with BSC detect fluxes greater than 5# 10!12 ergs cm!2 s!1 (0.1–2.4 keV). Systems relevant for LSS studies of
the local universe (z < 0:075) are shown as large bullets; more distant clusters are shown as small bullets. Two clusters without spectroscopic redshifts are
circled. The underlying gray-scale map shows again the distribution of Galactic nH (see Fig. 2). Two of the most prominent local large-scale features, the Great
Attractor (GA) and the Perseus-Pisces filament (PP), are marked. Also shown (dotted line) is the supergalactic equator.
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Fig. 8.—Nearest X-ray–bright clusters in supergalactic coordinates. The
11 CIZA clusters with BSC detect fluxes greater than 5# 10!12 ergs cm!2

s!1 (0.1–2.4 keV) in this region are shown as filled circles. Abell clusters that
meet the same X-ray selection criteria are represented by open circles. Only
systems within $4000 km s!1 of the supergalactic plane are shown. The
dashed cone delineates Galactic latitudes of$20% at SGZ ¼ 0.
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Fig. 9.—Distribution in redshift space of the 71 CIZA clusters with BSC
detect fluxes fX;BSC > 5# 10!12 ergs cm!2 s!1 and measured redshifts. The
solid line shows the distribution for a complete sample predicted from the
BCS cluster X-ray luminosity function (Ebeling et al. 1997). The dashed line
at z ¼ 0:075 (cz ¼ 22; 500 km s!1) marks the redshift beyond which the spa-
tial distribution of galaxy clusters is likely to have negligible effect on local
large-scale flows. Error bars show the 1 " Poisson uncertainties.

5 For CIZA J1145.6!5420 and CIZA J1423.7!5412, the only two CIZA
clusters presented here that do not yet have credible spectroscopic redshifts,
we use estimated redshifts of 0.15 and 0.3, respectively, for the conversion
from an angular to a metric scale.
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Observa*ons	
  of	
  a	
  high	
  velocity	
  bulk	
  flow	
  at	
  
intermediate	
  scales	
  are	
  due	
  to	
  a	
  sta*s*cally	
  rare	
  event.

The	
  reconvergence	
  of	
  the	
  bulk	
  flow	
  towards	
  the	
  linear	
  
amplitude	
  at	
  large	
  scales	
  is	
  an	
  new	
  original	
  
cosmological	
  probe.

The	
  dynamical	
  origin	
  of	
  a	
  high	
  velocity	
  bulk	
  flow	
  is	
  
linked	
  with	
  the	
  asymmetry	
  of	
  the	
  three-­‐dimensional	
  
ma}er	
  field	
  at	
  higher	
  scales	
  (~85	
  h-­‐1	
  Mpc).

Those	
  observers	
  are	
  occupying	
  par*cular	
  over-­‐dense	
  
places	
  at	
  ~80	
  h-­‐1	
  Mpc	
  from	
  a	
  high	
  density	
  peak.
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This	
  presenta*on:	
  cosmological	
  velocity	
  fields.

Density	
  field	
  can	
  give	
  informa*on	
  on	
  different	
  aspects:

Power	
  spectra.

Correla*on	
  func*ons	
  and	
  Haloes-­‐Dark-­‐Ma}er	
  biases.

Mass	
  func*ons	
  in	
  redshi�	
  and	
  comoving	
  space.

Covariant	
  perturba*ons	
  theory	
  in	
  general	
  mul*-­‐fluids	
  
cosmology.
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Importance	
  of	
  efficiency	
  to	
  get	
  new	
  simula?ons	
  to	
  
tackle	
  new	
  scien?fic	
  problems:

Op?miza?on	
  of	
  the	
  communica?on	
  scheme	
  (BlueGene	
  
vs	
  Bullx)	
  of	
  the	
  RAMSES	
  dynamical	
  code.

Various	
  op?miza?on	
  of	
  the	
  pFoF	
  halo	
  finder	
  code.	
  

Fast	
  correla?on	
  func?on	
  computa?on	
  methods.

Popula?on	
  of	
  Dark	
  Mater	
  haloes	
  with	
  galaxies	
  (e.g.	
  
Markov	
  chains).
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CICH[XGFIC

How	
  can	
  we	
  populate	
  Dark	
  Ma}er	
  haloes	
  from	
  HOD?

Extreme	
  value	
  sta*s*cs:

What	
  is	
  the	
  distribu*on	
  of	
  the	
  most	
  massive	
  Dark	
  Ma}er	
  
haloes	
  at	
  a	
  given	
  redshi�	
  in	
  a	
  given	
  cosmology?

What	
  is	
  the	
  distribu*on	
  of	
  the	
  mass	
  of	
  the	
  kth-­‐biggest	
  Dark	
  
Ma}er	
  haloes	
  at	
  a	
  given	
  redshi�	
  in	
  observa*ons?
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pdf	
  of	
  the	
  
biggest

pdf	
  of	
  the	
  
2nd-­‐biggest

pdf	
  of	
  the	
  
3rd-­‐biggest
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Toolbox:

Malquist	
  bias	
  -­‐	
  In	
  brightness-­‐limited	
  survey
The	
  average	
  measured	
  lum.	
  of	
  a	
  survey	
  will	
  be	
  higher	
  than	
  
the	
  true	
  one	
  since	
  only	
  the	
  brightest	
  object	
  can	
  be	
  seen	
  at	
  
large	
  distance.

Octree	
  structure	
  at	
  the	
  right

Ophiuchus:Détecté	
  par	
  le	
  survey	
  
CIZA	
  de	
  Ebeling	
  et	
  Kocevski	
  
(2002-­‐2005-­‐2007).
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