Do we need a new cosmological model ?
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Observations Simulations
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Observations Simulations
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Directly |
Observable Cosmological
| S Model
Universe

Springel+2005,2008, Dubois+2016, etc

Colless
+1999
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Motivation : ACDM?

Toward precision cosmology

@

Precision Era:

ACDM checked on all scales 1-2% precision
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Wi il IaBWAN®IBLY/ P> but with more precision come some tensions !

Example: Equation of state of the dark energy

@M _1_00; Camarena+2018
-1.05%

W= -1.10%

p/p -1_152
-1.20%
e .
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Motivation : ACDM?

Jenny Sorce (CRAL)

Precision Is not accuracy |

© G.S. Springer, 2014 ’
CJgh! | thought you said \

you have precise aim!

| do! I'm just not
very accurate!

wwjirtboy@gmail.com

Sometimes it pays to know a little statistics.
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Wi il IaBWAN®IBLY/ P> Precision is not accuracy: environmental biases?

Example: Equation of state of the dark energy

CDM _1_0(); Camarena+2018
-1.05¢
W: -1.10
p/p ~1.15
-120¢r
4250
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Motivation : P Both precision and accuracy are required!

Example: Equation of state of the dark energy

CDM -1 OOE Camarena+2018

Without
cosmic
variance

w= 10
p/p -8 \
-1.20} ‘:'
T | R SR .-'

Accuracy:
1% bias non-negligible
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ACDM questioned? Precision cosmology

When observations challenge ACDM

JOHNSON, IF | CATCH YOu
BREAKING THE LAWS OF PHYSICS
AGAIN YOU'RE OUT OF A JOB.

RESEARCH /
DEPT.

~3Cabw Sipr) [Q
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ACDM questioned? Precision cosmology

A few examples
Small scales

Thin disks of satellites

scnee

Observed... not simulated

Famaey+2013, Bullock+2017
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ACDM questioned?

Small scales

Thin disks of satellites
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Precision cosmology

A few examples

local scales

1 R VR VN VN VS VI VI W

Observed... not simulated

Famaey+2013, Bullock+2017

Jenny Sorce (CRAL)
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Publication year

Freedman+2017
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ACDM questioned?

Small scales

\
|
A“

|

Thin disks of satellites
\
‘\
\

\
\
!

Observed... not simulated

Famaey+2013, Bullock+2017

Precision cosmology

A few examples

local scales Large scales
CMB

North/South Asymmetry

0)

Francis+2010
- A A A | " A " | IR W W TR S S——
2000 2005 2010 2015 -
Publication year very unlikely...
Freedman+2017 e.g. Schwarz+2016
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ACDM questioned? Precision cosmology

More examples...

Small scales

local void emptier
with larger galaxies

@ Simulated
Observed

Jenny Sorce (CRAL) GMO-CLONES: ACDM?



ACDM questioned? Precision cosmology

More examples...

Small scales local scales
local void emptier local / global cosmological
with larger galaxies parameter values

Planck SZ/CMB
Simulated
Observed
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ACDM questioned? Precision cosmology

More examples...

Small scales local scales Large scales
local void emptier local / global cosmological CMB
with larger galaxies parameter values §._

Schwarz+2016 2-pt.

1200
A -

NACDM theory

Clo) [uK?)
600

Simulated
Observed

0

600

4 s '
0 50 100 150
o [deg]

Lack of angular correlation
at large angles

Even more examples: local correlations slope and scatter, missing satellites, cold spot, etc
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ACDM questioned?

Small scales

Are we comparing
apple to apple?

Questions?

local scales

Are we a neutral observer?

Precision cosmology

Large scales

What about a foreground effect?

Jenny Sorce (CRAL)
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L ocal-induced biases

How can our local environment bias our “perception” at the 1-2% level
preventing us from reaching 1-2% precision”

Small scales local scales Large scales

— —

maaa/?hh

N / VWMW%/
L O4h well, yez< «\'

anot her \.

‘ '; : a/eh\S/‘Z(y...

“Explain to me how comparing apples and
oranges is fruitless.”

Clear... correlation with A neutral environment? Photons travel a lot
environment Very unlikely... before reaching us...

and eventually this can decrease or increase tensions with ACDM !
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L ocal-induced biases

How can our local environment bias our “perception” at the 1-2% level
preventing us from reaching 1-2% precision”

= | arge-scales

Small scales local seef

W - — ._"-_2'_ o # ;-,fL:.{. ‘ .;‘(;\ . -‘1:_:%"' m {cm/ ,{/- gty TR

> Aacahis 04 coel/Net

/I = A

? 1y enerqy . Yo e
: AR ) ‘ |
g 2 a/en\s,z(y !

“"Explain to me how comparing apples and
oranges is fruitless.”

Clear... correlation with A ™gutral environment? Photons travel a |g
environment By unlikely... before reachig@ us...

and eventually this can decrease or increase tensions with ACDM !
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L ocal-induced biases on the local scales

A simple example: we live in a spherical underdensity

Redshift, z
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Comoving Distance, r (Mpc) Redshift, z

An example: Hint at
a local underdensity
up to z=0.07
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L ocal-induced biases on the local scales

Jenny Sorce (CRAL)

As many effect values as environments
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150 200 250

For an average environment: a 2% bias |



Local-induced biases on the large scales

Gravitational redshifts and the large scale surveys

photons
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Local-induced biases on the large scales

Gravitational redshifts and the large scale surveys

AS many effeot values as environments

Wojtak
@ 2 | +2015 4
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g
2 15}
E
3
£ 1r
5 L
E 05
Void Cluster
o
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@e 105 - 107
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Local-induced biases on the large scales

Gravitational redshifts and the large scale surveys
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Local-induced biases on the large scales

Gravitational redshifts and the large scale surveys
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Local-induced biases on the large scales

Gravitational redshifts and the large scale surveys

photons

| —_  photons

photons Void —
i Integrated Sachs-Wolte
“: photons

Effects

photons ‘
=
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Local-induced biases on the large scales

Gravitational redshift, Sunyaev Zel’dovich and the CMB

increasing precision
= reducing error bars

X Rees-Sciama

T 1 | o
10000 _\ Maturi+2007 o

Nv—‘ 100 rad s '.- . -
2 increasing
S itivit

= sensitivity

Q 1 > =l
+

4)

.01

0.0001

/

local foreground 10 100 1000
effect = ‘noise/ l
bias’
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Local-induced biases on the large scales

Gravitational redshift, Sunyaev Zel’dovich and the CMB

increasing precision
= reducing error bars

\ Rees-Sciama
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Accounting for the effects crude modeling

A crude modeling is a beginning...

but not nearly enough...

Jenny Sorce (CRAL) GMO-CLONES: ACDM?



Accounting for the effects crude modeling

Small scales

o o8 Science |

~.
a - o .ﬁ
o ’0 (=}

Do we live in a filament that
reproduces exactly that thin
plane?

Jenny Sorce (CRAL) GMO-CLONES: ACDM?



Accounting for the effects crude modeling

A few examples

Small scales | ocal scales

LA SE S S S S S S S S S e
local «

Following gicbel ¢
Hoscheit+2018

Wi S8 Science |

Hg (km s Mpc™)

~/
e o ° oﬁ.
LR

o % o ° [ AP PP B
o 2000 2005 2010 2015
Publication year
Do we live in a filament that
reproduces exactly that thin In what kind of density
plane? do we live exactly?
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Accounting for the effects crude modeling

A few examples

Small scales Local scales Large scales
, , Following ~ 9aas broken North/South
80 - | .
- BSE Hoscheit+2018 asymme’[ry
L

'70 I CHP
Q. - SH,
g 75| es
- a o SH,ES
g ¢ ¢ ,°
X AP3 Q
ing galavies o S0l @ *le |
A T 70 <20
- o0 ~.’ - . ® ’ |
o o * oﬁ. | p1g |
XN
ol 65
’o‘ ... o | I ——a e .
. 2000 2005 2010 2015 Francis+2010
Publication year
Do we live in a filament that | | But correction from redshift
reproduces exactly that thin In what kind of density surveys only. ..
plane? do we live exactly?
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Accounting for the effects Summary

Importance of our local environment !

We need a very acute knowledge of the total
local distribution of matter (map)

to reach an accurate precision cosmology:
- on the small scale: compare apple to apple

- on the local scale: become a neutral observer
- on the large scale: correct for foreground effects

Jenny Sorce (CRAL) GMO-CLONES: ACDM?



Accounting for the effects Summary

Importance of our local environment !

We need a very acute knowledge of the total
4@)- istribution of matter (map)

Observations o
to reach an accurate precision cosmology:

- on the small scale: compare apple to apple
- on the local scale: become a neutral observer
- on the large scale: correct for foreground effects
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Accounting for the effects Summary

Importance of our local environment !

We need a very acute knowledge of the

istribution of matter (map) \

Observations o Simulations
to reach an accurate precision cosmology:

- on the small scale: compare apple to apple
- on the local scale: become a neutral observer
- on the large scale: correct for foreground effects
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Accounting for the effects Summary

Importance of our local environment !

We need a very acute knowledge of the

istribution of matter (map) \

Observations o Simulations
to reach an accurate precision cosmology:

- on the small scale: compare apple to apple

- on the local scale: become a neutral observer
- on the large scale: correct for foreground effects

9 Initial conditions of the local Universe

Jenny Sorce (CRAL) GMO-CLONES: ACDM?



| ocal Universe’s initial conditions

Obtaining the initial conditions
of the local Universe

fEEURses]
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HeleIRUIaIWVSIEZX R slliEEI Melelglolifle]gl>»> constrained initial conditions

PATH INTEGRAL METHODS FOR PRIMORDIAL DENSITY PERTURBATIONS: SAMPLING OF
CONSTRAINED GAUSSIAN RANDOM FIELDS

EDMUNDY BERTSCHINGER
Center for Theoretical Physics, Center for Space Rescarch, SRESePe e hysics, Massachusetts Institute of Technology

Received 1987 August 17 accepted 1987 September 10

ABSTRACT
Path integrals may be used to describe the statistical properties of a random fielg : hempEimasd
density p bation field. In this framework the probability distribution is given fofla Gaussian random field
subjected to constraintsSuch as the presence of a protovoid or supercluster at a spe sletite .
% : . has been constructed for generating samoles of a constrain : ‘

on a lattice using Monte Carlo techniques. The met
around peaks or other constrained regions in thgghi
erating initial conditions for N-body simulations

Bayes1761 Wiener1942 Hoffman & Ribak 1991 Zaroubi+1995 van der Weijgaert & Bertshinger 1996

. . " |

Redshift surveys | Peculiar velocities | 50y jiar velocities [t A

Work + densit g || | LPERSONS
Kitaura2008,2012, i :
2013 Hess+2013

Lavaux2010,
Jasche+2013-id

Wang+2014-tdy

Klypin+2003

"This identical twin of yours...

/ Can you describe him?"

Sorce+2014-tdy

no luminosity bias
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Peculiar velocities direct distance measurements

galaxy clusters

(10" 1y)
nearby galaxies
m-M « log(d) . (107 Iy)
Milky Way
10° |
nearby stars ( )
(107 ly)
solar system
supernovae
Venus N/ e | é

~ NS 9 3 E — ;

R Sun §_g' s ~ | I S Tully-Fisher
\ O] e ' period relation
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radar ranging 84 2z F P
® | g ¥ w ¥

parallax surface temperature (K) E Wi Al

main-sequence 2| Plane

fitting __ color PN
Tip of the Red N
Giant Branch Gy
Surface brightness
fluctuations
IMC M31 Virgo Coma

Copyright © Addison Wesley 10 6 10"’) 10‘ 10° 3 10° 2 10° 1 1 10 10’ 103

Adapted by ). Sorce
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Distance in Megaparsecs
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Peculiar velocities direct distance measurements

m-M « log(d)

solar system
(10" 1y)

Venus

radar ranging

M x |Og(Vrot)

e.g. Sorce+2012ab, 2013,2014

Copyright © Addison Weasley
Adapted by ). Sorce

Jenny Sorce (CRAL)

Milky Way
10° 1
nearby stars ( )
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1 G = |
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main-sequence
fitting
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Peculiar velocities catalog

V radial pec =Vobs~ HO x d
Tully+(including

Sorce)2013 ’ 4
. . . . ' ¥ ', < : /' - ’
Zone of g R T LT - 15000
Y

" '1'oooo

g

s - o Avoidance 4 : /
" 3 .\\~“'..':\0‘ :‘. - '; .

. -y &
< 7= ’;'?'_:‘S ;. 0 §,
- By g
“ 4]
= { 9D
& A -2000
5= 5 * '+ Zone of
g 5 Avoidance 10600
= 15000
- ‘- oy -7 — — .
= = =3 = = =
= = “=SGY (kmy/s) =

« Account for the entire underlying gravitational field
e Correlated on large scale

e Highly linear
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\Vi[sliglele
Radial peculiar velocity catalog
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Methoa
Sorce & Tempel 2017,2018
Radial peculiar velocity catalog R o

. .l
Grouping % "y
o - Y
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2 ) w e \ ) W A
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Methoa
Sorce & Tempel 2017,2018
Radial peculiar velocity catalog R o

Grouping

|\ Distance (rodewl/wus) of 2 Ae group and 17 erZ‘a/nfy\

W |  Oug = '&DL . l‘-
' f’p 0”?5 ¢

A he D re

Pec A&,tgr . 1e group and 1Zs wuncerdanty

|
|
|
|
| Vpec s 1€ ,—Ho X dg ; Ovpec g = 0ag X dg X Ho l

_ - Y
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Method
Sorce & Tempel 2017,2018

Radial peculiar velocity catalog R o

l Q —> Q '
: N \ |
Grouping % Y
' _ Sorce 2015, 2018
Theoretical

Minimization of biases
N @ %

/ Corrected /peca//ar ve/ocidies

Iterations on:

if Vpec >0, Vpece = (1 — w)[p(Vpec — O Vpec )+ (1 — p)(Vpec + O Ve )] + wvpec §

< O. V}'_],_‘A: c — ( ]. w )[ (Vpe(_' 1 OVpcc ) 1 ( 1 )(Vpe(_‘ OVPCC )] - W vPeC :

/Jezg/}fed L(nC’/e/‘Z‘dlhnfy
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Sorce & Tempel 2017,2018
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4 [
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+ ¥
Sorce 2015, 2018
Theoretical
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Correl aliron functions
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Sorce & Tempel 2017,2018
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* [
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Sorce 2015, 2018
Theoretical
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Correl aliron functions
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Sorce & Tempel 2017,2018

@
® J |
o [
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4 ¥
Sorce 2015, 2018
Theoretical
NI O LARS
Vrad

Doumler+2013 Sorce+2014
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\Vi[sliglele
Sorce & Tempel 2017,2018
Radial peculiar velocity catalog R SN Q
' : .: I
I

N N
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Correl alion functions
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Reverse Zel'dovich Approximatior?

Constrained realization I

‘ Hoffman & Ribak 1991

X (Mpc ]
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Method

Radial peculiar velocity catalog

Sorce & Tempel 2017,2018

Grouping ¥ Y

Sorce 2015, 2018
Theoretical

Minimization of biases

I«I«I |
@

Vrad
Wiener filtering
‘ Wiener1942 Doumler+2013  Sorce+2014
Reverse Zel'dovich Approximation l i\ N\
o t ¥ ¥ ¥ Y Y Y 3 \\ 9 “- \\ 9 \\
' _ \+ \+ \+

Constrained realization

‘ Hoffman & Ribak 1991

X (Mpc )

Constrained initial conditions

I«I«
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A non-linear map of the
local Universe

Using the same folding
techniques as road maps
greatly delayed the gene
mapping research.

— —
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Results: the local large scale z=0, large scale sorces20ts
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Results: the local large scale
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z=0, large scale sorce+2016

500 Mpc/h, 102413 particles,
DM only, Planck cosmology




Results: the local large scale z=0, large scale sorces20ts
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Results: the local large scale z=0, large scale sorces20ts

A Verage Variance betioeen

/ﬂa//\ﬁ of randorr £lel/ds of

300 Mpc/h aside \

0.6

Random e _51 O
Constrained different RR @ 3"

0.5}

0.4F

O 3 E_ ® ? educed
. ~ | E
- “ COSrIC Variance

025 &' :

&bl ‘e ]
= L] “ ] A Verage variance betioeen

- @ E . .

011 ' 3 pars of constrained fields

. of’ 400 Mpc /A aside

OOE ......... AT T Lo Lo vy IEOO

0 10 200 30 40 500
Size of the sub-box (h™ Mpc)

Jenny Sorce (CRAL) GMO-CLONES: ACDM?



Results: the local clusters z=0, cluster scale soce201s

Dark matter halos = counterparts of observed local clusters

12 Virgo Centaurus Hydra  Coma
A@ 10 i
; i
- &
> OF
T 4=
> 2

0

iIncreasing distance
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Results: th
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z=0, group scale

iInduced by the local environment,

A _
a 495
w o
= 245
- N -
o
v -
397 647 0 08 a3 3.43 593
SGX Mpc/h SGY Mpc/h
495
8 P
= 245 s
N »
3 ’
w
- .
S .
003 47 397 6.47
SGX Mpc/h

An example of
application: in favor of a
higher tangential velocity

not directly constrained
(non-linear scales)

. Sohn+2012

Carlesi,Hoffman,Sorce+2016
Carlesi,Hoffman,Sorce+2017

Jenny Sorce (CRAL)
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Let’'s dig into the Virgo cluster of galaxies

Observed Virgo, Simulated Virgo & Random clusters

Statisticians Fall asleep Faster by
taking 8 random sample of sheep.
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Let’'s dig into the Virgo cluster of galaxies

Rhapsody (Hahn
+2017)

500 Mpc/h, 20483 particles effective (20 Mpc/h zoom), 3.8 kpc/h, DM only, Planck cosmology
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Let’'s dig into the Virgo cluster of galaxies

O\/era/ / dgreemenz‘ e /7 056 ervalions

E:
Xt

Sorce, Blaizot,
Dubois submitted

Jenny Sorce (CRAL) GMO-CLONES: ACDM?



Let’'s dig into the Virgo cluster of galaxies

Velocity

Spin

=> Environment

Sorce, Blaizot,
Dubois submitted
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Let’'s dig into the Virgo cluster of galaxies

Number of
substructures

Center of mass
offset wrt
spherical center

= History

- . \ - - Sorce, Blaizot,
2 3 4 3 6 1000 »,‘\lv 1000 ey . 1800 ) ; 0 200 &0 1000 ) 100 150 0 s 0 _ 8 . .
M10%h M) ‘."‘Ih ) o, (kms’) L vikms’) W Spin (107) DUbOIS Sme|tted
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Let’'s dig into the Virgo cluster of galaxies

| Selection: No mass bias! |

I RRRRRRR
substr
&%
~

N

3 4 !
M (10" h'' My

Sorce, Blaizot,
Dubois submitted
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Let’'s dig into the Virgo cluster of galaxies

| Selection: No mass bias! |

substr

N

= History

= Environment

Sorce, Blaizot,
Dubois submitted

3 1000

2 3 4 8
MOI0" KM
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Let’'s dig into the Virgo cluster of galaxies

Hubble law with H ] 1000 km s " Mo Hubble law with H 100 h ken ™" NMpo . .
——— Runaing Medion (U ' Mpx === Rumning Modion (¥ Iv' Mpx Sorce, Dubois, Blaizot
2000 : 2000 : + in prep.
1000 e: <2y 1000 ok
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";.' ‘o
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‘.", 0 ¥ . e () SEEss".. 5. L E. B TEM00000000000000runersesesaensnasessanssnnsssnsssunessenssenssseneionsssenes
-1000 -~ : -1000
~2000 1‘5 22000
0 vir2 4 6 8 10 12 14 0 vir 9 4 6 8 10 12
R. (h™' Mpc) R. (h"Mpc)

500 Mpc/h, 819213 particles effective (20 Mpc/h zoom), 0.24 kpc/h
hydrodynamics: SN and AGN feedback, Planck cosmology

OVerQ/ / agreemenf o1l h 055 eralions
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Let’'s dig into the Virgo cluster of galaxies

O\/era/ / agreemenf o1l h 055 eralions

Jenny Sorce (CRAL)

V (mag)

| I 1 I 1 I 1 1 I 1 I J I I 1 ]

Observed early

Simulated all ------------ 'm
Simulated: u->2.48 & V<-158 — — - - |4

—_

Sorce, Dubois, Blaizot -

+ in prep.

1 l | 1 1 l

0.0 0.5 1.0 1.5 2.0 2.5
P

d from center (Mpc)
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Let’'s dig into the Virgo cluster of galaxies

Boselli+2008,2014: from observation, only small mergers within the past few Gyrs

1.00

0.01

500

A 3/‘8@/)7@/72‘ coith observadional prea//cf/oné

Jenny Sorce (CRAL)

From simulation
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Mpc/h, 5123 particles, DM only, Planck cosmology
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Let’'s dig into the Virgo cluster of galaxies

Lisker+2018: from observation, remnant of a group of ~10% Mcuuster that infall 2-3 Gyr ago
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From simulation
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- == = random
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2018

only one merger of -
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within the past 4 Gyr
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00 04 08 1.2

1.6

2.0
redshift (2)

24 28 32 36 40

500 Mpc/h, 5123 particles, DM only, Planck cosmology

'3'_ Small group that
- merged within the
last few Gyrs

Sorce, Dubois, Blaizot -
+ in prep. -

500 Mpc/h, 819213 particles effective
(20 Mpc/h zoom), 0.24 kpc/h - Hydrodynamics:
SN and AGN feedback, Planck cosmology
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Let’'s dig into the Virgo cluster of galaxies

Phase—space regions
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A few more applications: The Zone of Avoidance Sorce+2017

[70-80 | h"" Mpc [165-175 | h" Mpc
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Chamaraux & Masnoux 2004 Ebeling+2002
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A few more applications: The Zone of Avoidance Sorce+2017

[70-80 | h"" Mpc [165-175 | h" Mpc

10— LAl Ll s — - amacorae 10 T T

& 3 ; -
) & O
@ - 25
o _
B Nl = 3
7.5 . 75/
153 R
I SR 1 e
28 5 21 1 100

Puppis-3 Cluster Cygnus A Cluster

Chamaraux & Masnoux 2004 Ebeling+2002

(175 -185 | h”" Mpc
P VI b d LB —

ACDM challenges hidden
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Kraan-Korteweg+2017
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A few more applications: ...

Cosmic Rays in the

local Universe
(Hackstein+2018)

Jenny Sorce (CRAL)

:-‘.) '
Reionization of the
local Universe

(Ocvirk+ submitted)
(Sorce+ in prep.)
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Summary and Prospectives

Summary: where do we stand?
How far have we come”?

" . ~
‘‘‘‘‘‘‘‘

YOUNEVER KNOWHOW

CLOSEYOUARE.... -7

NEVER GIVE UP
ONYOUR DREAMS

| ——
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Summary of validity

; A - . Z:Hﬂ ..' - : i
Work Constraints large scales cluster scales local group scales
or

Kitaura2008,2012,2013 no statistics
Hess+2013

Lavaux2010, _ .
Jasche+2013-td luminosity
Wang+2014-tdy not nearby, no statistics bias !

Klypin+2003 mass ‘by hand’ induced _

e.g. for the Virgo cluster
<+ Sorce+2016b, Sorce

Sorce+2014-tdy induced +submitted, Sorce+in

prep. including the past
history!

e.g. Carlesi,Sorce+2016
Carlesi,Hoffman,Sorce+2016
Carlesi,Hoffman,Sorce+2017
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GM... What?

AR
CLONING
4 ,00.
".‘-

Iy //"@W/‘\»

“It just seems wrong to me. | don'’t think
| could live with myself.”
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Summary and Prospectives

-

‘«n »
A d .

005
les

Work Constraints large sca cluster scales local group scales
or

Kitaura2008,2012,2013 no statistics
Hess+2013
Lavaux2010, _ ,
Jasche+2013-td luminosity
Wang+2014-tdy not nearby, no statistics bias !
Klypin+2003 mass ‘by hand’ induced _
e.g. for the Virgo cluster
<+ Sorce+2016b, Sorce
prep. including the past
GMO-CLONES 4 v v history!
SL{ /AZQ Of CO/?SZ(/‘ d/‘nea/ /‘/’)IAZ(/AQ/ CO/?O/I‘ZI‘O/?\S 07(’ eg Car|es|’80rce+2016
different reSO/aZ‘/on\S, Sizes and focus Carlesi,Hoffman,Sorce+2016

Carlesi,Hoffman,Sorce+2017
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Take home message

Do we need a new cosmological model?

To answer, nowadays (this is on-going)

Small scales Local scales Large scales
'/\ | ({‘) O
q ’ X 2> { v
Simulations of local estimates of CMB high sensitivity
Galaxy formation Cosmo|ogica| parameters experiment and Iarge
& evolution scale surveys

Biased Precision
Cosmology
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Take home message

Do we need a new cosmological model?

GMO-CLONES

initial conditions for

numerical specialists, theorists an observers
Small scales Local scales Large scales
d. E%\)

Simulations of unbiased local estimates of CMB high sensitivity
Galaxy formation Cosmo|ogica| parameters experiment and Iarge
& evolution: scale surveys :
reproduction A te P . . foreground effect

calibration ccurate Frecision @ correction

Cosmology

Jenny Sorce (CRAL) GMO-CLONES: ACDM?
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