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for an Accurate Precision Cosmology

Do we need a new cosmological model? An answer that requires to be ‘bias-free’!
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eI\l P> Simulations vs. observations: more precision is required
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eI\l P> Simulations vs. observations: more precision is required

Precision Era:
1-2% precision
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Motivations but with more precision come some tensions |

Precision Era:
1-2% precision

Camarena+2018
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Combining probes
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Precision Is not accuracy |

Ugh! | thought you said \
you have precise aim!

| do! I'm just not
very accurate!

mnbarcgaul:om

Sometimes it pays to know a little statistics.

Jenny Sorce (CRAL - AlP) GMO-CLONES for an APC



WISV o]l Precision is not accuracy: environmental biases?

Colless NS
+1999
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biases due to our
environment?

Precision Era:
1-2% precision

Camarena+2018

Without
cosmic
variance

Combining pro
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Need both Precision & Accuracy

Colless NEAS

+1999
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biases due to our ’
environment? @ &
Precision Era: Accuracy:

1-2% precision 1% bias non-negligible

Camarena+2018

Without
cosmic
variance

Combining pro
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Tensions on all scales

When observations challenge ACDM

’\.

3 .
0»
LA

Jenny Sorce (CRAL - AlP) GMO-CLONES for an APC



Tensions on all scales, some examples: |. small scales
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Tensions on all scales, some examples: |. small scales

small scales

Planes of satellites

gle
planes

ACDM  local

Famaey+2013, Bullock+2017

Only local detailed
observations

Local specificities?
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Tensions on all scales, some examples: Il. local/global
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Tensions on all scales, some examples: Il. local/global

small scales local/global cosmological parameters

Planes of satellites

gle
planes

ACDM  local

2000 2005 2010
Publication year

Famaey+2013, Bullock+2017

Only local detailed It looks like ACDM does not model
observations both CMB and local Universe!
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Local specificities? B 21

Our observation site?
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Tensions on all scales, some examples: Ill. large scales
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Tensions on all scales, some examples: Ill. large scales

small scales local/global cosmological parameters large scales

north/south power
asymmetry

Planes of satellites

gle
planes

ACDM  local

2000 2005 2010
Publication year

e.g. Schwarz+2016

Famaey+2013, Bullock+2017

Only local detailed It looks like ACDM does not model Control of foregrounds to a
observations both CMB and local Universe! few % level
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Our observation site? Foreground effect?
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L ocal biases

What can be the biases”? What effects can they have”? Anyway,

remember, we want to be both precise and accurate = we
need to take it into account whatever happens !
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An example with the distribution of matter

Hoscheit+2018

An example: Hint at
a local underdensity
up to z=0.07
Keenan+2014
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Tensions Effect of the distribution of matter, some examples

local/global cosmological parameters

Simple void model (A\CDM + KBC void)

" Following
Hoscheit+2018

e ,>30 .
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Publication year
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Tensions Effect of the distribution of matter, some examples

local/global cosmological parameters

Simple void model (A\CDM + KBC void)

" Following
Hoscheit+2018

H (km s’ Mpc™)

2000 2005 2010 2015
Publication year
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Tensions Effect of the distribution of matter, some examples

local/global cosmological parameters large scales

Simple void model (A\CDM + KBC void)
oeoionng =) Gravitational redshift:
oscheit+2018 .
| linear (Integrated Sachs-Wolfe)

photons
| e Y
photons

photons Void

photons

Wtor]sﬁ

(Not) bound overdensity

H (km s’ Mpc™)

2005 2010 2015
Publication year

Simple luminosity - density model

Asymmetry

Broken
asymmetry

Francis+2010
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Tensions Effect of the distribution of matter, some examples

local/global cosmological parameters large scales

Simple void model (A\CDM + KBC v0|d)

Following
Hoscheit+2018

Gravitational redshift:
linear (Integrated Sachs-Wolfe)

photons
>

photons
—

photons Void

photons

Wtor]sﬁ

(Not) bound overdensity

H (km s’ Mpc™)

2005 2010 2015
Publication year

Simple luminosity - density model

large scales
Average void: Impact on z of 10-3 |
* Wojtak+2015 Asymmetry

Broken
asymmetry

Euclid, 4MOST, etc G
Francis+2010
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Tensions Effect of the distribution of matter, some examples

An accurate & precise non-linear map of the local
distribution of matter is required to provide an apple
to apple comparison & an accurate bias correction !
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Local Universe map

Obtaining an accurate & precise
non-linear map of the local Universe
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Local Universe map with constrained simulations

PATH INTEGRAL METHODS FOR PRIMORDIAL DENSITY PERTURBATIONS: SAMPLING OF
CONSTRAINED GAUSSIAN RANDOM FIELDS
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Sorce & Tempel 2017,2018 Wiener1942 Hoffman & Ribak 1991
Sorce 2015, 2018 Doumler+2013  Sorce+2014

Constrained
nitial Conditions

Observational local |
Constraints *!
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ReSUH:S Z:O, |arge Scale Sorce+2016a
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Results z=0, large scale
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Results z=0, large scale
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Summary of validity

>

y '..' » - .L--'i.vl' ". -
large scales cluster scales local group scales
Work

Kitaura2008,2012,2013
Hess+2013

no statistics

Lavaux2010, : :
Jasche+2013-td luminosity
Wang+2014-tdy not nearby, no statistics bias !
Klypin+2003 mass ‘by hand’ induced
Sorce+2014-tdy

induced v\

e.g. Carlesi,Sorce+2016
Carlesi,Hoffman,Sorce+2016

e.g. for the Virgo cluster Sorce+2016b, Sorce Carlesi,Hoffman,Sorce+2017
+in prep. including the past history!
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Next Goal

>
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Kitaura2008,2012,2013
Hess+2013

no statistics

induced

; » - : “n‘ i‘v" ) » .
Work Constraints large scales cluster scales local group scales
or

luminosity
bias !

induced \
|

v

Lavaux2010,
Jasche+2013-td
Wang+2014-tdy not nearby, no statistics
Klypin+2003 mass ‘by hand’
Sorce+2014-tdy
GMO-CLONES J J
e.g. for the Virgo cluster Sorce+2016b, Sorce _
+in prep. including the past history! on-going
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Carlesi,Hoffman,Sorce+2016
Carlesi,Hoffman,Sorce+2017




In the mean time: Lots of possible applications

B .

The Zone of
Avoidance
(Sorce+ 2017) 7

Reionization CoDall

(Ocvirk+ in prep.)

Light on Virgo

(Sorce+ in prep.)

Cosrhic Rays in the

local Universe i NG
(Hackstein+2018) PR

SLOW dancing
galaxies
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Summary: where do we stand?
How far have we come?
Where are we going?
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Ultimate goal: ACDM or else?

Galaxy formation Local cosmological Large cosmological
and evolution parameters (local) surveys & CMB
(small scales)

All of this is on-going via observations and simulations v

Biased precision cosmology
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Ultimate goal: ACDM or else?

Galaxy formation
and evolution
(small scales)

Local cosmological
parameters (local)

Large cosmological
surveys & CMB

Local Volume
map effects

=

Local volume/Group/

Clusters/Void Clonﬁ '

Local volume properties

GMO-CLONES

Accurate precision cosmology
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Challenges & Increasing Problems

e Sharing initial conditions at high resolution required for local Group for instance
e Sharing/Saving the simulation outputs (several TB)

e The Large Scale Structure plays a major role in shaping the small scales. How do we
combine both (with hydrodynamics)? (>a trillion particles)

e zoom-in not possible yet for some codes: cosmic rays propagation (CR-Propa), for
reionization (ramses cudaton). Anyway only small regions, no stat., not the whole map

 how do we compare efficiently to observations?
Fosalba2017

* increasing queue time, even for test runs
* Problem of analyses (not enough memory,
long term saving/storage for post-processing)
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