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Why do we combine data?

1) Beat the variance
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Why do we combine data?

2) Break degeneracies

ρa ρb
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Why do we combine data?

3) Exploit cross-correlations
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Why do we combine data?

4) Bring tensions to light



8

Why do we combine data?

5) Falsify models
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Motivating the joint analysis of datasets

Kowalski et al. 2008
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● Probes of different “sectors”:

● Probes of different epochs:

• Background evolution: all standard rulers/candles

• Perturbations: probes of structure growth 

Motivating the joint analysis of datasets
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● Probes of different “sectors”:

● Probes of different epochs:

• Background evolution: all standard rulers/candles

• Perturbations: probes of structure growth 

CMB LSS

Motivating the joint analysis of datasets
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CMB-LSS joint analysis

ISW effect

Weak lensing

≠ 0

CIB

SZ effect



Current/upcoming CMB surveys



Current/upcoming CMB surveys

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



Current/upcoming LSS surveys

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



Current/upcoming LSS surveys

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

Fact sheet:
● Orbit around L2
● ~6 years of mission
● Launch date (!): Feb. 5th 2023
● Q1 after 17 months, DR1 at 29 
● VIS & NISP instruments
● ~15,000 sq. deg.
● Spectro + photo survey
● Gal. Clustering & Weak Lensing

Slides from 12/2021 !
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Current/upcoming LSS surveys

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

Fact sheet:
● Orbit around L2
● ~6 years of mission
● Launch date (!): Q3 2022 🤞
● Q1 after 17 months, DR1 at 29 
● VIS & NISP instruments
● ~15,000 sq. deg.
● Spectro + photo survey
● Gal. Clustering & Weak Lensing
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≠ 0

CMB-LSS joint analysis

Euclid CMBX Science Working Group

Explore and prepare the joint analysis
of Euclid and CMB data



The Euclid CMBX forecasts paper
 Ilic et al. 2021, A&A, arXiv:2106.08346



The Euclid CMBX forecasts paper
 Ilic et al. 2021, 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



Reference: InterScience Taskforce (IST:F) 
forecasts paper

 arXiv:1910.09273
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Fisher formalism/matrix

Forecasted errors
on parameters

Recipe for Euclid x CMB forecasts

For observables with Gaussian pdf =             :



Recipe for Euclid x CMB forecasts

● Main ingredient : likelihood



Recipe for Euclid x CMB forecasts

● Main ingredient : likelihood

1) Which model(s) ?

• Standard, 6-parameter ΛCDMCDM

• Neutrinos : minimal non-zero          

• w0/wa parametrisation and/or curvature

• MG model: “gamma” 

Same as chosen by IST:F



Recipe for Euclid x CMB forecasts

● Main ingredient : likelihood

2) Which model(s) ?

• Good old ΛCDMCDM

• Neutrinos : 2 choices of non-zero          

• w0/wa parametrisation and/or curvature

• MG model: “gamma”  

Those decided by the IST

Issues for CMB :
choice of the parameter basis

● θ versus H0

● As versus σ8
● “Small” versus “big” omegas

+ gamma MG parameterisation



Recipe for Euclid x CMB forecasts

● Main ingredient : likelihood

2) Which model(s) ?

• Good old ΛCDMCDM

• Neutrinos : 2 choices of non-zero          

• w0/wa parametrisation and/or curvature

• MG model: “gamma”  

Those decided by the IST

Final models (cf. IST)

• ΛCDMCDM flat
• ΛCDMCDM non-flat

• w0, wa flat
• w0, wa non-flat

• w0, wa , gamma flat
• w0, wa , gamma non-flat



Recipe for Euclid x CMB forecasts

● Main ingredient : likelihood

2) Which observables ?

● Euclid: 
• Photometric Galaxy Clustering
• Weak Lensing
• Spectroscopic Galaxy Clustering* 



Recipe for Euclid x CMB forecasts

● Main ingredient : likelihood

2) Which observables ?

● Euclid: 
• Photometric Galaxy Clustering
• Weak Lensing
• Spectroscopic Galaxy Clustering* 

Nuisance parameters:

● 5/10 for (linear) bias 

● 3 for intrinsic 
alignments model



Recipe for Euclid x CMB forecasts

● Main ingredient : likelihood

2) Which observables ?

● CMB:
• Temperature (T)
• Polarization (E & B)
• CMB lensing (P)

} contains secondary
anisotropies



Recipe for Euclid x CMB forecasts

● Main ingredient : likelihood

2) Which observables ?

● CMB:
• Temperature
• Polarization (E & B)
• CMB lensing

} contains secondary
anisotropies



Observables considered

T E B P D L
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⨯⨯ ⨯⨯ ⨯⨯ ⨯⨯

P pp pd pl

(CMB lens.) ⨯ ⨯ ⨯

D dd dl

(Gal. Clus.) ✔ ✔

L ll

(Weak Lens.) ✔

+ Gal. Clus. 
Spec.

Euclid only (=IST:F)

Case n°0
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P pp pd pl

(CMB lens.) ✔ ✔ ✔

D dd dl

(Gal. Clus.) ✔ ✔

L ll

(Weak Lens.) ✔

+ Gal. Clus. 
Spec.

All “matter” probes and
their cross-correlations

Case n°1



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.

All CMB x Euclid probes & 
correlations

Case n°2



Euclid x CMB forecasts in CMBX SWG

Code development & comparison effort :

● 4 teams involved (FR, IT, ES)

● Coordinator (& participant) : S.I.

● Collaboration with IST (validation)

● Tools : Slack & GitHub repo

Results compiled in Euclid publication
(lead author/coordinator : S.I.)



The results

• 2 “scientific cases”

• 6 cosmological models/scenarios

• 10 cosmological parameters
+ 8/13 nuisance parameters

• 2 sets of Euclid specifications

• 3 scenarios for CMB experiments

(+ forecasts based on real data via posterior fitting)



For reference: case n°0

Euclid (GCp, WL, GCs) only

~0.3-4%

~0.1-2%



The results: case n°0 to n°1

Euclid (GCp, WL, GCs) only

Euclid (GCp, WL, GCs) x CMB phi

Improvement factors = σbefore / σafter



The results: case n°0 to n°1

Improvement factors = σbefore / σafter



The results: case n°0 to n°1 (cont.)

Improvement factors = σbefore / σafter



The results: case n°0 to n°2

Euclid (GCp, WL, GCs) only

Euclid (GCp, WL, GCs) x CMB T, E, phi



The results: case n°0 to n°2

Improvement factors = σbefore / σafter



The results: case n°0 to n°2 (cont.)

Improvement factors = σbefore / σafter



Focus: Pessimistic Euclid + SO
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Focus: Pessimistic Euclid + SO

w0, wa flat



Focus: Pessimistic Euclid + SO

w0, wa flat



Focus: the tau parameter (case n°0 to 2)

Improvement factors = σbefore / σafter
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CMB
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Focus: the tau parameter (case n°0 to 2)

Improvement factors = σbefore / σafter

CMB



Focus: the tau parameter (case n°0 to 2)

Improvement factors = σbefore / σafter

LSS

CMB



Focus: sum of neutrino masses



Focus: sum of neutrino masses



Areas of improvement

• Galaxy dn/dz + photo-z uncertainties

• Galaxy bias scale dependence (esp. on non-
linear scales)

• Correlations of all probes with GCs

• BAO reconstruction as additional probe

• Magnification bias and GR effects in GCp

• Non-Gaussian terms in covariances (e.g. SSC)



Future perspectives

• Forecasting of extended models (incl. MG)
(in collaboration with other SWGs, mostly TWG)

• More realistic forecasts (e.g. non-Gaussian
covariance, masks, systematics, etc. + MCMC)

• Implement CMB in Euclid likelihood pipeline
(in collaboration with IST:L)

• Additional Euclid x CMB probes
(SZ, CIB, superstructures)



kSZ x LSS

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
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iSW: even with a low S/N...

Stölzner et al. 2018
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Stölzner et al. 2018

iSW: even with a low S/N...
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...already stringent constraints on MG

From arXiv:1707.02263
Galileon Gravity in Light of ISW, CMB, BAO and H0 data

...one month before GW170817 !
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Beyond LCDM hints ?

Stölzner et al. 2018
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iSW effect of superstructures
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iSW effect of superstructures

Kovács et al. 2019
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Lensing effect of superstructures

Kovács et al. 2022
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Lensing effect of superstructures

Kovács et al. 2022



Future perspectives

• Forecasting of extended models (incl. MG)
(in collaboration with other SWGs, mostly TWG)

• More realistic forecasts (e.g. non-Gaussian
covariance, masks, systematics, etc. + MCMC)

• Implement CMB in Euclid likelihood pipeline
(in collaboration with IST:L)

• Additional Euclid x CMB probes
(SZ, CIB, superstructures)



The end

Thank you for
your attention !



The end ?

Extra slides
Posterior fit
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Fitting the posterior

MCMC from Planck (wCDM)
fitted with a n-dimensional Gaussian
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Fitted Planck + Euclid
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Fitting the posterior

Posterior from MCMC
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Fitting the posterior

Gaussian fit, with smoothly varying 
mean and covariance

Posterior from MCMC
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Fitting the posterior

Gaussian fit, with smoothly varying 
mean and covariance

Posterior from MCMC

Either : MCMC with CMB fit + LSS Fisher
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Fitting the posterior

Gaussian fit, with smoothly varying 
mean and covariance

Posterior from MCMC

Either : MCMC with CMB fit + LSS Fisher

Or : Gauss. approx of CMB fit + LSS Fisher

Typical next-gen
LSS
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Fitting the posterior
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Euclid-like Fisher 
+ Gauss approx. from fitted Planck

VS

Euclid-like Fisher 
+ full Planck likelihood

via MCMC (much longer)

w0wa-CDM test case
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Euclid-like Fisher 
+ Gauss approx. from fitted Planck

VS

Euclid-like Fisher 
+ full Planck likelihood

via MCMC (much longer)

Euclid-like Fisher only

Full Planck likelihood only
(LCDM case)

w0wa-CDM test case
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II) Reionisation & the CMB

Impact on CMB angular power spectra:

Rescaling As by exp(-2τ))
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