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The power of probe combination :
cosmology with LSS and CMB




Why combining data ?
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Which datasets to combine ?
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Which datasets to combine ?

“Categories” of probes :

“Background evolution” “Perturbed sector”
(i.e. expansion) (i.e. linear growth of structures)

Early Universe

Late Universe
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Which datasets to combine ?

“Categories” of probes :

“Background evolution” “Perturbed sector”
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Which datasets to combine ?

Praton
Photan Helium
nucleus
Heutron
Electron Helium Modern
atom HH"I“’”“ First stars E:Eﬂlgg galaxies
R appear & appear

appear
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Which datasets to combine ?

“Categories” of probes :

“Background evolution”
(i.e. expansion)

“Perturbed sector”
(i.e. linear growth of structures)

Early Universe

Primordial CMB (T & P)

Primordial CMB (T & P)

Late Universe

Standard candles :
BAO, SN, Cepheids

LSS surveys :
Weak lensing, galaxy clustering
(+ Secondary CMB)

planck + @ euclid )
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| - Combining
CMB & LSS data
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How to combine datasets ?
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How to combine datasets ?
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How to combine datasets ?
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How to combine datasets ?
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How to combine datasets ?
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How to combine datasets ?
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How to combine datasets ?

»Cprobel—l—probeQ — »Cprobel X [fprobeZ
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How to combine datasets ?

»Cprobel—l—probeZ — »Cprobel X [fprobeZ

(correlations ~ 0)
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How to combine “future” datasets ?
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How to combine “future” datasets ?

Fisher formalism :

 Choice of “fiducial” model : Ogtq = {01.64d,02.64,03.64, - }

« Assumption : likelihood ~ Gaussian :

L x exp [—%(@ ~ O5q)TF (© - @ﬁd)]

* Fisher matrix :

_9%InL _9*InL \
807 |y 00,902 | 4
F—| _2mc _9%2Inc :©1
= 00,90z | 4 903 |aq

Forecasted errors
\ : . ) on parameters

e Then...
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How to combine “future” datasets ?

Fisher formalism :

 Choice of “fiducial” model : Ogtq = {01.64d,02.64,03.64, - }

« Assumption : likelihood ~ Gaussian :

L x exp [—%(@ ~ O5q)TF (© - @ﬁd)]

* Fisher matrix :

_9%InL _9*InL \
907 |aq 801002 |4
| _9%’Inc _9%InL _ -1
F = 801002 |4 903 |aq =C

e Then...
£probel—|—prob62 — Eprobel X £prob62

Fprobel+probe2 — Fprobel + FprobeQ
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Current + “future” datasets ?

Question : how to make forecasts for next-gen LSS surveys + CMB ?
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Current + “future” datasets ?

Question : how to make forecasts for next-gen LSS surveys + CMB ?

1) Choose a fiducial, compute a “fake Planck” Fisher
— but : ignores the actual data (and fiducial !)
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Current + “future” datasets ?

Question : how to make forecasts for next-gen LSS surveys + CMB ?

A 2) “Pseudo-Fisher” approach

MCMC from Planck data
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Current + “future” datasets ?

Question : how to make forecasts for next-gen LSS surveys + CMB ?

2) “Pseudo-Fisher” approach

MCMC from Planck data
fitted with a n-dimensional Gaussian
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Current +

“future” datasets ?

Question : how to make forecasts for next-gen LSS surveys + CMB ?

2) “Pseudo-Fisher” approach

MCMC from Planck data

fitted with a n-dimensional Gaussian

C~'=F

|

Added to LSS Fisher
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Current + “future” datasets ?

Question : how to make forecasts for next-gen LSS surveys + CMB ?

2) “Pseudo-Fisher” approach
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Current + “future” datasets ?
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Current + “future” datasets ?
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Current + “future” datasets ?

Solution :

y
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w

S. 1li¢ - Colloque DE - 13/10/2017

30



Current + “future” datasets ?

Solution :

y

R

Next-gen
survey

w

| | | |
-2.0 -1.6 -1.2 -0.8
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Current + “future” datasets ?

Solution :

Next-gen
survey
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Il - Cross-correlating
CMB & LSS data
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cross-correlating ?

Praton

Photan Helium
nucleus
Heutron

Electron Helium
atom

Hydrogen
atom

First stars
appear
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galaxies
appear

Medern
galaxies
appear
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Why cross-correlating ?

Modern
galaxies
appear

« Exploit the correlation between probes
(new information !)

A
%
.,‘-3"

* Reduce systematic effects
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CMB lensing
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CMB lensing
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The integrated Sachs-Wolfe effect
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The integrated Sachs-Wolfe effect

perse

Inergy
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The Integ

rated Sachs-Wolfe effect

perse

Inergy

Strong probe of growth of strucutres
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The integrated Sachs-Wolfe effect

From arXiv:1707.02263
Galileon Gravity in Light of ISW, CMB, BAO and HO data

We constrain three subsets of Galileon gravity separately known as the Cubic, Quartic and
Quintic Galileons. The cubic Galileon model predicts a negative OT2 ¢ and exhibits a 7.80
tension with the datai which effectivelz rules it out. For the quartic and quintic models the
ISW data also rule out a significant portion of the parameter space but permit regions where
the goodness-of-fit is comparable to ACDM. The data prefers a non zero sum of the neutrino

A 0 BV swith LR sionif 4] lols The hest fitt; ol ]
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The integrated Sachs-Wolfe effect

Stacking approach : ISW imprint of
individual superstructures

10°

(Planck 2013 & 2015, incl. lli¢)

Rigorous analysis of sample

of 100 structures

3 - 4 sigmas signal
» Discrepancy with ACDM expectations

(Cluster

L L
P L s
]
.

S. 1li¢ - Colloque DE - 13/10/2017

40

20

0uK

-20

-40

42



The integrated Sachs-Wolfe effect
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Kovacs et al. 2*]16
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Thank you for
your attention !
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