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Why we combine datasets

Kowalski et al. 2008



Which datasets to combine ?

● Probes of different “sectors”:

• Background evolution: all standard rulers/candles

• Perturbations: probes of structure growth 



Which datasets to combine ?

● Probes of different “sectors”:

● Probes of different epochs:

• Background evolution: all standard rulers/candles

• Perturbations: probes of structure growth 



Outline

I.  Forecasting the CMB-LSS combination



How do we combine probes ?



Combining “existing” datasets

When analyzing data, fitting a model, running an MCMC,... :

→ assumes “probe 1” and “probe 2” are uncorrelated
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Fisher formalism :

● Approximates the posterior (~likelihood) as a Gaussian of the model parameters

● Fisher matrix :
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Combining “future” datasets

Fisher formalism :

● Approximates the posterior (~likelihood) as a Gaussian of the model parameters

● Fisher matrix :

● Then :

Forecasted errors
on parameters

is equivalent to



Combining future & existing datasets ?

E.g. : Planck constraints + Euclid-like LSS forecasts 

• LSS → Natural to use Fisher matrices

• CMB → Could use “Planck-like” Fisher, 
            but Planck is already here !



Combining future & existing datasets ?

E.g. : Planck constraints + Euclid-like LSS forecasts 

Ilić 2018 (in prep.):

• LSS → Natural to use Fisher matrices

• CMB → Could use “Planck-like” Fisher, 
            but Planck is already here !

• Produce a well-converged MCMC

• Perform an analytical fit of the posterior

• Combine it with any “classical” Fisher matrix



Fitting the posterior

Fairly easy in some cases….

MCMC from Planck (LCDM)
fitted with a n-dimensional Gaussian

→ (inverse) covariance 
can then be simply added 

to a Fisher matrix



Fitting the posterior

MCMC from Planck (wCDM)
fitted with a n-dimensional Gaussian

… less in some others



Fitting the posterior

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 (very quick) 

Or : Gauss. approx of CMB fit + LSS Fisher

Typical next-gen
LSS



Euclid-like Fisher 
+ Gauss approx. from fitted Planck

VS

Euclid-like Fisher 
+ full Planck likelihood

via MCMC (much longer)

w0wa-CDM test case



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



Outline

I.  Forecasting the CMB-LSS combination

II. Forecasting the CMB-LSS correlation



CMB-LSS cross-correlation



CMB-LSS cross-correlation



CMB-LSS cross-correlation



The integrated Sachs-Wolfe effect

In matter-dominated
universe

In matter +
dark energy

universe



The Сюня́ев-Зельдо́вич effect



Test case for LSS x CMB via Fisher 

● Probes considered:

● Model : γ0-γ1-CDM  (                              )

● Two cases:

• Planck-like CMB: T, E, Φ

• Euclid-like LSS: GC phot. (10 z-bins)

• All cross-correlations accounted for

• Euclid-CMB correlations neglected (T-GC, Φ-GC)



Test case for LSS x CMB 

Without cross-correlations

With cross-correlations



Test case for LSS x CMB 

Without cross-correlations

With cross-correlations



Even with a low S/N...

Stölzner et al. 2018



...already stringent constraints

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

...one month before GW170817 !



Beyond LCDM hints ?

Stölzner et al. 2018



iSW effect of superstructures



iSW effect of superstructures

Kovács 2018



Thank you
for your attention !
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