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Motivating joint analyses
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 Probes of different “sectors”:
- Background evolution: all standard rulers/candles

- Perturbations: probes of structure growth

* Probes of different epochs:
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CMB-LSS joint analysis
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CMB-LSS joint analysis
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Available & upcoming surveys

DETF classification:

« Stage II: SDSS, KiDS, ...

e Stage llI: DES, ...

« Stage IV: DESI, LSST, Euclid

+ 21cm, GW, ...
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ABSTRACT

The combination and cross-cormelation of the upcoming Euclid data with cosmic microwave background (CMB) meamuremens B a source of greal expectation
sinee it will provide the largest lever arm of epochs, sanging from recombinstion to structure formation across the entire past light cone. In this work, we present
forecasts for the joint analysi of Ewclid and CMB data on the cosmalogical parameters of the standard cosmalogical madel and some of its extensions. This work
expands and complements the recently published forecasts based on Eunelid-specific probes, namely galaxy ¢ lustering, weak lensing, and their cross-come biion. With
some asumptions on the specifications of current and future CMB experiments, the predicted constraints are obiained from both a standard Fisher formalism and a
posterior-fitting approach based on actual CMB data. Compared 1o a Eielid-only analysis, the addition of CMB data leads to a substantial impaet on constraints for
all cosmalogical parameters of the standard A-cold-dark-matier madel, with improvements reaching up 1o a factor of ten. For the parameters of exiended models,
which inelude a redshifi-dependent dark energy equation of staie, non-zero curvatuse, and a phenomenslogical modificstion of gravity, improvements can be of
the oader of two tothree, resching higher than ten in some cases. The resulis highlight the crucial importanee for cosmological constrainis of the combination and
crnas-corme kation of il probes with CMB dat.

Key words. Cosmology:large-scale structure of Universe, cosmic background radiation, Surveys, Methods: statistical
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Objectives:

* Forecast the cosmological potential of the
Euclid x CMB combined analysis

 Basis for the future of forecasts in Euclid

and the development of the cosmological
pipeline

ABSTRACT

The combination and cross-cormelation of the upcoming Euwclid data with cosmic microwave background (CMB) mesurements & a source of greal expectation
aince it will provide the largest lever amm of epochs, ranging from recombinstion to stracture formation across the entire past light cone. In this work, we present
forecasts for the joint analysi of Ewclid and CMB data on the cosmaological parameters of the standard cosmalogical maodel and some of its extensions. This work
expands and complements the recently published forecass based on Euwclid-specific probes, namely galasy clustering, weak lensing, and their cross-come lation. With
aome asumplions on the specifications of curent and future CMB experiments, the predicted constraints are obtained from both a standard Fisher formalism and a
poderior-fitting approach based on actual CMB data Companed toa Eirelid-only analysis, the addition of CMB data leads to a substantial impact on constraints for
all cosmological parameters of he standard A-cold-dark-mater model, with improvements reaching up 1o a factor of ten. For the parameters of exended modils,
which include a redshifi-dependent dark energy equation of stale, non-zero curvature, and a phenome nological modification of gravity, improvements can be of
the onder of two to three, reaching higher than ten in some cases. The resubs highlight the crucial importance for cosmological constraints of the combination and
crnas-corme kation of il probes with CMB dat.

Key words. Cosmology:large-scale structure of Universe, cosmic background radiation, Surveys, Methods: statistical




Summary of content

- Fisher matrix-based forecasts

- 2 "scientific cases”
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Observables considered

Case n°0 (“3x2 pt”)
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Observables considered

Case n°1 (“6x2 pt”)
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. P pp pd pl SPeC
(Galcus) .
(Weak Lens.) /

All “matter” probes and
their cross-correlations



Observables considered

Case n°2 (“15x2 pt”)
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- Fisher matrix-based forecasts

+ 2 "scientific cases” (EuclidxCMB ¢, EuclidxCMB T/E/®)

25



* Fisher matrix-based forecasts

+ 2 "scientific cases” (EuclidxCMB ¢, EuclidxCMB T/E/®)

- 6 cosmological models (flat/non-flat, A/{{w,w_}, gamma)
* 10 cosmological parameters + 8/13 nuisance parameters

+ 2 sets of Euclid specifications (pessimistic, optimistic)

* 3 scenarios for CMB experiments (Planck, SO, CMB-54)

Companion to InterScience Taskforce (IST:F) forecasts paper (arXiv:1910.09273),
identical recipes for Euclid observables

26



Results: focus on pessimistic Euclid + SO

From Euclid only to EuclidxCMB ¢

Pessimistic Euclid 4+ SO, flat ACDM
non-flat ACDM
flat wow,CDM

non-flat wow,CDM
flat wow,yCDM
non-flat wyw,yCDM
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Results: focus on pessimistic Euclid + SO

flat wow,CDM

flat wyw,CDM




Results: focus on pessimistic Euclid + SO

flat wow,CDM
flat wow,CDM

Wy

FoM = 596
FoM = 1284

Where do the constraints come from?



Results: focus on pessimistic Euclid + SO
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Results: focus on pessimistic Euclid + SO
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Origin of constraints
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Origin of constraints

{d(D)/dO ;
d(D,)/d6}




Origin of constraints

{d(D1)/d9 p * Var(Ds)=Var(D,)=1
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Origin of constraints

{d(D1)/d9 p * Var(Dq)=Var(D,)=1
d(Dz)/de} * Covar(Dy, D2)=p

(with |p]| <1)
* {d(D1)/dB ; d{D2)/dB}
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Origin of constraints
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Origin of constraints
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Origin of constraints
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Origin of constraints
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Origin of constraints
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Some other avenues for X-correlations




Some other avenues for X-correlations

Integrated Sachs-Wolfe Effect in CMB Polarization
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Some other avenues for X-correlations
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Some other avenues for X-correlations

kSZ x LSS cross-correlation

ACT x BOSS, Hand++ ‘12
ACT x BOSS, Schaan++ ‘15
ACT x redMaPPer, de Bernardis++ ‘16
SPT x DES, Soergel++ ‘16
Planck x SDSS, ‘15

~ 5 sigma, but expected to improve quickly with
(deeper) CMB x galaxy overlap




Some other avenues for X-correlations

osMiC Microwave Backgmund

Galaxy
cluster

Measuring the mass of
galaxy cluster with CMB

Lensing Scattering
Photons bend Photon atter
around the gravity off ionized gas,
of galaxies and which shortens
dark matter. their wavelength.
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Some other avenues for X-correlations
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Some other avenues for X-correlations
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The results: from CMB-only to EuclidxCMB
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The results: from CMB-only to EuclidxCMB
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The results: from CMB-only to EuclidxCMB
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