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Motivating joint analyses

Kowalski et al. 2008



T. Baker



T. Tait

Dark Matter



Inflation
models
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● Probes of different “sectors”:

● Probes of different epochs:

• Background evolution: all standard rulers/candles

• Perturbations: probes of structure growth 

Choosing which observables to combine
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CMB-LSS joint analysis



X

CMB-LSS joint analysis
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Available & upcoming surveys

Future:
● Simons Observatory
● CMB Stage-4
● LiteBIRD



Available & upcoming surveys

DETF classification:
● Stage II: SDSS, KiDS, …
● Stage III: DES, …
● Stage IV: DESI, LSST, Euclid 

+ 21cm, GW, ...



The Euclid CMBX forecasts paper
 Ilic et al. 2022, A&A, arXiv:2106.08346



The Euclid CMBX forecasts paper
 Ilic et al. 2022, A&A, arXiv:2106.08346

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
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Summary of content

• Fisher matrix-based forecasts

• 2 “scientific cases”



Observables considered

T E B P D L
T tt te tb tp td tl

⨯ ⨯ ⨯⨯ ⨯ ⨯ ⨯
E ee eb ep ed el

⨯ ⨯⨯ ⨯ ⨯ ⨯
B bb bp bd bl

⨯⨯ ⨯⨯ ⨯⨯ ⨯⨯
P pp pd pl

(CMB lens.) ⨯ ⨯ ⨯
D dd dl

(Gal. Clus.) ✔ ✔
L ll

(Weak Lens.) ✔

+ Gal. Clus. 
Spec.

Euclid only (=IST:F)
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Observables considered
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D dd dl
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L ll

(Weak Lens.) ✔

+ Gal. Clus. 
Spec.

All CMB x Euclid probes & 
correlations

Case n°2 (“15x2 pt”)
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Summary of content

• Fisher matrix-based forecasts

• 2 “scientific cases” (Euclid×CMB , Euclid×CMB T/E/ )ɸ ɸ
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Summary of content

• Fisher matrix-based forecasts

• 2 “scientific cases” (Euclid×CMB , Euclid×CMB T/E/ )ɸ ɸ  

• 6 cosmological models (flat/non-flat, Λ/{w0,wa}, gamma)

• 10 cosmological parameters + 8/13 nuisance parameters

• 2 sets of Euclid specifications (pessimistic, optimistic)

• 3 scenarios for CMB experiments (Planck, SO, CMB-S4)

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



Results: focus on pessimistic Euclid + SO

Improvement factors = σbefore / σafter

From Euclid only to Euclid×CMB ɸ

From Euclid only to Euclid×Euclid×CMB T/E/ɸ
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Results: focus on pessimistic Euclid + SO

Where do the constraints come from?
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Results: focus on pessimistic Euclid + SO
TG TL EG EL Gɸ Lɸ G

G LL G
L

TT TE Tɸ EE Eɸ ɸɸ Note:   ∑ΔF/F ≠ 1 !
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● Var(D1)=Var(D2)=1
● Covar(D1, D2) = ρ

(with |ρ| <1)
● {d⟨D1⟩/dθ ; d⟨D2⟩/dθ}

= {cos φ; sin φ}  
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Origin of constraints

Breaking parameter degeneracies

ρa ρb



45

Origin of constraints
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Origin of constraints

X = Photons X = Matter



Some other avenues for X-correlations



Some other avenues for X-correlations

Integrated Sachs-Wolfe Effect in CMB Polarization

Cooray & Melchiorri, 2006



Some other avenues for X-correlations

Breakdown of CMB T x Galaxy cross-correlation



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

Measuring the mass of
galaxy cluster with CMB
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Some other avenues for X-correlations
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Some other avenues for X-correlations

Kovács et al. 2019
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Some other avenues for X-correlations

Kovács et al. 2022



The end

Thank you for
your attention !



The end?

Extra
slides



The results: from CMB-only to Euclid×CMB
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The results: from CMB-only to Euclid×CMB

Improvement factors = σbefore / σafter

LSS

CMB
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