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Under Euclid internal review

First cosmological results from Euclid
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CMB lensing → gravitational lensing 
of CMB photons by all matter along 

the line of sight
CMB temperature (ISW) → decay of 
gravitational potentials on the largest 

scales, imprinted on CMB photons

Thermal SZ (tSZ) → inverse Compton scattering 
by hot intracluster electrons; traces hot gas 

Kinetic SZ (kSZ) → inverse Compton scattering 
by bulk electron flows; traces gas momentum

Cosmic Microwave Background

Large-Scale Structures

what Euclid is observing

ACT

Planck

CMB is the most distant light: CMB photons cross large-scale structures as they form

Why Euclid     CMB?×
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Preston,  Amon, Efstathiou (2023)

CMB and LSS probe the same Universe 
at different epochs and scales

Why Euclid     CMB?×

Preston,  Amon, Efstathiou (2023)
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Courtesy of D. Paoletti

Different probes, different systematics: 
together they are more robust

Preston,  Amon, Efstathiou (2023)

CMB and LSS probe the same Universe 
at different epochs and scales

Why Euclid     CMB?×
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WL

WL

GCp

GCp

ϕ

ϕ

 Euclid 3 x 2 pt 

 CMBX 3 x 2 pt 

CXY
ℓ = LA(ℓ)LB(ℓ) ∫

dz
H(z)χ2(z)

WX
i (z)WY

j (z) Pm ( ℓ + 1/2
χ(z)

, z) + NXY
ℓ

Euclid collab. w/ CMBX SWG (Ilic+21)

Forecasts: Euclid DR3 and SO-like CMB data

Euclid     CMB: 6x2pt analysis×
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First “quick” data release 
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Euclid Q1 (~63 deg ): EDFN + EDFF + EDFS 

✓ EDFN x Planck only 

✓ EDFF/EDFS x Planck and ACT

2

WL

WL

GCp

GCp

ϕ

ϕ  CMBX 3 x 2 pt 

 Euclid 3 x 2 pt 
EDFF

EDFS

EDFN

ACT DR6

Planck PR4

Euclid Q1     CMB: 2x2pt analysis×
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Euclid Q1 maps

8

M
ag

ni
tu

de
lim

ite
d

sa
m

pl
e

EDFS EDFF EDFN

p g
al
>

0.
90

p s
ta

r
<

0.
05

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

�g

ACT

C
M

B
le

ns
in

g
co

nv
er

ge
nc

e

ACT Planck

-0.2

-0.1

0.0

0.1

0.2

̂WF

M
ag

ni
tu

de
lim

ite
d

sa
m

pl
e

EDFS EDFF EDFN

p g
al
>

0.
90

p s
ta

r
<

0.
05

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

�g

ACT

C
M

B
le

ns
in

g
co

nv
er

ge
nc

e

ACT Planck

-0.2

-0.1

0.0

0.1

0.2

̂WF

∼ 28 gal/arcmin2

fsky ∼ 0.07 % fsky ∼ 0.03 %

Mag
nitud

elim
ited

sam
ple

EDFS EDFF EDFN

p gal>
0.90

p star
<0.0

5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

�g

ACT

CMB
lens

ingc
onve

rgen
ce

ACT Planck

-0.2

-0.1

0.0

0.1

0.2

̂WF

fsky ∼ 0.06 %

EUCLID PRELIMINARY

2.0

-1.0

0.5

-0.5

0.0

1.0

1.5



Margherita Lembo Colloque national du WG Dark Energy

Comparison with Flagship 2 simulation

9

‣ No tomography: properties consistent across fields  

‣ In agreement with “uncalibrated” FS2 simulation (PTE>0.08) using all scales 

‣ Tomography is harder because of redshift errors, bias evolution… 

‣ Fiducial model reproduces FS2 on relevant scales 

‣ From FS2: CMBX immune to redshift errors
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Comparison with Flagship 2 simulation

9

0

1

2

3

4

10
`(
`
+

1)
C
`

EDF-S g1 ⇥ g1
FS2 true z
FS2 PHZ MODE 1
FS2 model
MagLim

0

1

2

3

4
EDF-S g4 ⇥ g4

0

1

2

3

4
EDF-N g5 ⇥ g5

0 500 1000 1500 2000
`

�0.5

0.0

0.5

1.0

1.5

10
`(
`
+

1)
C
`

EDF-S g3 ⇥ g4

0 500 1000 1500 2000
`

�0.6

�0.4

�0.2

0.0

0.2

0.4

0.6
EDF-N g3 ⇥ g6

0 500 1000 1500 2000
`

�1.0

�0.5

0.0

0.5

1.0

1.5
10

4
p `

(`
+

1)
C
`

EDF-S  ⇥ g4

0

1

2

3

4

10
`(
`
+

1)
C
`

EDF-S g1 ⇥ g1
FS2 true z
FS2 PHZ MODE 1
FS2 model
MagLim

0

1

2

3

4
EDF-S g4 ⇥ g4

0

1

2

3

4
EDF-N g5 ⇥ g5

0 500 1000 1500 2000
`

�0.5

0.0

0.5

1.0

1.5

10
`(
`
+

1)
C
`

EDF-S g3 ⇥ g4

0 500 1000 1500 2000
`

�0.6

�0.4

�0.2

0.0

0.2

0.4

0.6
EDF-N g3 ⇥ g6

0 500 1000 1500 2000
`

�1.0

�0.5

0.0

0.5

1.0

1.5

10
4
p `

(`
+

1)
C
`

EDF-S  ⇥ g4

0

1

2

3

4

10
`(
`
+

1)
C
`

EDF-S g1 ⇥ g1
FS2 true z
FS2 PHZ MODE 1
FS2 model
MagLim

0

1

2

3

4
EDF-S g4 ⇥ g4

0

1

2

3

4
EDF-N g5 ⇥ g5

0 500 1000 1500 2000
`

�0.5

0.0

0.5

1.0

1.5

10
`(
`
+

1)
C
`

EDF-S g3 ⇥ g4

0 500 1000 1500 2000
`

�0.6

�0.4

�0.2

0.0

0.2

0.4

0.6
EDF-N g3 ⇥ g6

0 500 1000 1500 2000
`

�1.0

�0.5

0.0

0.5

1.0

1.5

10
4
p `

(`
+

1)
C
`

EDF-S  ⇥ g4

0

1

2

3

4

10
`(
`
+

1)
C
`

EDF-S g1 ⇥ g1
FS2 true z
FS2 PHZ MODE 1
FS2 model
MagLim

0

1

2

3

4
EDF-S g4 ⇥ g4

0

1

2

3

4
EDF-N g5 ⇥ g5

0 500 1000 1500 2000
`

�0.5

0.0

0.5

1.0

1.5

10
`(
`
+

1)
C
`

EDF-S g3 ⇥ g4

0 500 1000 1500 2000
`

�0.6

�0.4

�0.2

0.0

0.2

0.4

0.6
EDF-N g3 ⇥ g6

0 500 1000 1500 2000
`

�1.0

�0.5

0.0

0.5

1.0

1.5

10
4
p `

(`
+

1)
C
`

EDF-S  ⇥ g4

‣ No tomography: properties consistent across fields  

‣ In agreement with “uncalibrated” FS2 simulation (PTE>0.08) using all scales 

‣ Tomography is harder because of redshift errors, bias evolution… 

‣ Fiducial model reproduces FS2 on relevant scales 

‣ From FS2: CMBX immune to redshift errors
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Where do systematics show up?
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Two different sample selection based on purity of galaxy classification or 
star classification rejection respectively. The two cuts deliver samples with: 

 and pgal = 11 gal/arcmin2 pstar = 21 gal/arcmin2
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Imaging systematic treatment

11

EDFS NIR Systematics 

23

Zodiac Light PSF Exposures Noise  Galactic Extinction

WISE stars Observational/instrumental systematics:  
DEPTHMAP, FLUXMAP, EXPOSURES, NOISE, ZODIACALLIGHT, PSF 
Main effect: Modulate galaxy detectability, inducing spurious fluctuations in number density and 
measurement quality. Bias in galaxy shape measurements and star–galaxy separation. 

Astrophysical contaminants:  

GALACTICEXTINCTION,  WISE_STARS 
Main effect: Introduce spatial patterns correlated with the Milky Way rather than with the large-scale 
structure.

EDFS NIR Systematics 

23

Zodiac Light PSF Exposures Noise  Galactic Extinction

WISE stars Observational/instrumental systematics:  
DEPTHMAP, FLUXMAP, EXPOSURES, NOISE, ZODIACALLIGHT, PSF 
Main effect: Modulate galaxy detectability, inducing spurious fluctuations in number density and 
measurement quality. Bias in galaxy shape measurements and star–galaxy separation. 

Astrophysical contaminants:  

GALACTICEXTINCTION,  WISE_STARS 
Main effect: Introduce spatial patterns correlated with the Milky Way rather than with the large-scale 
structure.
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Power spectra

S/N above 20 
for kg alone in 
the 6bin case 
and combining 
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‣ Theory lines not a fits!  

➡Planck 2018 + estimated  + fiducial Flagship calibrated galaxy bias model 

‣ Good agreement in the single-bin case, at fixed model, with no parameters fitted 

‣ Tomography (6 bins) is harder at face value: some tensions at fixed model, driven by photo-z errors

n(z)

12
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Redshift distribution,  

13

0.00

0.25

0.50

0.75

1.00

1.25

1.50

n(
z)

EDF-S

1 Bin

EDF-F

FS2-Q1
pgal > 0.90
pstar < 0.05

EDF-N

0.0 < z < 2.5

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

0.00

2.00

4.00

6.00

n(
z)

6 Bins

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

0.00 < z < 0.23
0.23 < z < 0.45
0.45 < z < 0.65

0.65 < z < 0.88
0.88 < z < 1.20
1.20 < z < 2.50

0.00

0.25

0.50

0.75

1.00

1.25

1.50

n(
z)

EDF-S

1 Bin

EDF-F

FS2-Q1
pgal > 0.90
pstar < 0.05

EDF-N

0.0 < z < 2.5

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

0.00

2.00

4.00

6.00

n(
z)

6 Bins

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

0.00 < z < 0.23
0.23 < z < 0.45
0.45 < z < 0.65

0.65 < z < 0.88
0.88 < z < 1.20
1.20 < z < 2.50

0.00

0.25

0.50

0.75

1.00

1.25

1.50

n(
z)

EDFS

1 Bin

EDFF

FS2-Q1
pgal > 0.90
pstar < 0.05

EDFN

0.0 < z < 2.5

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

0.00

2.00

4.00

6.00

n(
z)

6 Bins

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

0.00 < z < 0.23
0.23 < z < 0.45
0.45 < z < 0.65

0.65 < z < 0.88
0.88 < z < 1.20
1.20 < z < 2.50

‣ For each redshift bin, the  is estimated from stacking of the galaxy’s photo-  PDF 

‣ EDFS and EDFF are consistent, while EDFN is not: different external photometric data 

‣   in “good agreement” with FS2 

‣ Clustering redshifts with DESI show robustness (only  10deg , more available for DR1)

n(z) z

n(z)

2
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          vs clustering redshift  
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‣ For each redshift bin, the  is estimated from stacking of the galaxy’s photo-  PDF 

‣ EDFS and EDFF are consistent, while EDFN is not: different external photometric data 

‣   in “good agreement” with FS2 

‣ Clustering redshifts with DESI show robustness (only  10deg , more available for DR1)
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Galaxy bias modelled using Eulerian perturbation theory at 1-loop order:

Galaxy bias modelling

Saito+2014;  
Gil-Marín+2015;  
Pandey+2020

g = bg bfid
1 δm+bnl

g
bfid

2

2
δ2

m +
bs

2
s2 +

b3nl

2
ψnl +

bk2

2
∇2δm bs = −

4
7

(bg bfid
1 − 1)

Second-order non-local (tidal) bias 
fixed using the co-evolution relationFiducial bias parameters 

calibrated from Euclid 
Flagship simulations

Higher-order bias 
parameters set to zero 

Model validated on FS2 simulation up to 
: 

➡  

➡

kmax = 0.5h/Mpc

bg = 0.983 ± 0.012
bnl

g = 0.99 ± 0.17

Science bands
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Towards a full cosmological inference

16

redshift errors,  
ni(z) → ni(z + Δi

z)

galaxy bias 
amplitudes 

sampled 
cosmological 
parameters 

MCMC runs:  
 vs , each with and 

without  cross-bins for 

✓ each field separately 

✓ joint fields, shared photo-  
shifts (5 ) 

✓ joint fields, per-field photo-  
shifts (15 )

gg κg + gg
g

z
Δz

z
Δz
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With/without cross-bins
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‣ Photo-  errors constrained directly from data 

‣  ~2x better than results obtained from 
spectroscopic cross-match (Tucci+26)
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 κg + gg
‣ Consistency among the 3 fields: we 

we are able to model redshift errors 
and astrophysical nuisance coherently 

‣ EDFF is the more problematic and less 
constraining  

‣ EDFS/EDFN always slightly in tension 

‣ Adding  increases the PTE of the 
combined cases

κg
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‣ : equally good with or w/o 
cross bins 

‣  breaks degeneracies  with 
galaxy bias and stabilizes photo-  
modelling: ~30% improvement on 
cosmological parameters  

‣ 15 : better photo-  errors handling 
and 15% tighter constraints 

κg + gg

κg
z

Δz z

PTE = 2% 
PTE = 26%

PTE = - 
PTE = 15%
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modelling: ~30% improvement on 
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Q1 vs state of the art results (1)

 

‣ Removes naturally redshift and bias 
modeling uncertainties 

‣ Combining the 3 ED fields, we measure the 
amplitude of structure growth: 

 

similar to the ACT x DES (Marques et al. 2023) 

from 500 deg2 :   

D̂G(z) ∼
Cκg

ℓ

Cgg
ℓ

∼
bgD2(z)

b2
gD2(z)

= ADDfid(z)

AD = 0.84 ± 0.16

AD = 0.87 ± 0.14

20

Higher redshift 
wrt DES Y3

Comparable to DES Y3 x ACT 
with  x9 less sky area! ∼

EUCLID PRELIMINARY
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Q1 vs state of the art results (2)

21

‣ Adopting galaxy bias priors (conservative ) from FS2 for 2x2-pt :  

‣ Comparable to full unWISE/DESI x ACT+Planck using  ~10 000 deg2 

‣  , comparable with current  accounting for sky coverage. 

3σ σ(σ8) ∼ 0.025

S8 = 0.79+0.07
−0.09 σ (S8) ∼ 0.02
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Conclusions

Euclid x CMB will probe cosmology with unprecedented precision 

Promising cosmology results achieved in Q1: 

Cross-correlation almost immune to systematics and robust to photo-  errors 

Breaking degeneracy and improve the constraining power (up to 30% on        ) 

DR1-foundation in ~10 days —> full DR1 ~June 2027 

With large number density and area come great responsibility! 

We are testing a Q1-like data vector with DR1 data

z

22

✓SNR >30   alone! 

✓Minor impact of VMPZ so far  

✓Ongoing tests with tomographic binning (1-10 bins)

σ Cκg
ℓ

Ωm

 and σ(σ8) = 0.025 AD = 0.84 ± 0.16
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          vs spectroscopic cross-match 
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sample used in Tucci+26 
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Imaging systematic treatment
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EDFS NIR Systematics 
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Zodiac Light PSF Exposures Noise  Galactic Extinction

WISE stars Observational/instrumental systematics:  
DEPTHMAP, FLUXMAP, EXPOSURES, NOISE, ZODIACALLIGHT, PSF 
Main effect: Modulate galaxy detectability, inducing spurious fluctuations in number density and 
measurement quality. Bias in galaxy shape measurements and star–galaxy separation. 

Astrophysical contaminants:  

GALACTICEXTINCTION,  WISE_STARS 
Main effect: Introduce spatial patterns correlated with the Milky Way rather than with the large-scale 
structure.

EDFS NIR Systematics 

23

Zodiac Light PSF Exposures Noise  Galactic Extinction

WISE stars Observational/instrumental systematics:  
DEPTHMAP, FLUXMAP, EXPOSURES, NOISE, ZODIACALLIGHT, PSF 
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Imaging systematic treatment
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measurement quality. Bias in galaxy shape measurements and star–galaxy separation. 
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GALACTICEXTINCTION,  WISE_STARS 
Main effect: Introduce spatial patterns correlated with the Milky Way rather than with the large-scale 
structure.
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WISE stars Observational/instrumental systematics:  
DEPTHMAP, FLUXMAP, EXPOSURES, NOISE, ZODIACALLIGHT, PSF 
Main effect: Modulate galaxy detectability, inducing spurious fluctuations in number density and 
measurement quality. Bias in galaxy shape measurements and star–galaxy separation. 

Astrophysical contaminants:  

GALACTICEXTINCTION,  WISE_STARS 
Main effect: Introduce spatial patterns correlated with the Milky Way rather than with the large-scale 
structure.
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With/without cross-bins
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EDFS,  κg + gg
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The role of the κg
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Deep dive into Q1 maps
∼ 24 gal/arcmin2 ∼ 23.5 gal/arcmin2 ∼ 22.5 gal/arcmin2

∼ 0.07%fsky ∼ 0.06%fsky∼ 0.03%fsky

The two cuts deliver samples with: 
pgal = 11 gal/arcmin   
pstar = 21 gal/arcmin

2

2

Two different sample selection based on purity of galaxy 
classification or star classification rejection respectively

 

 is the number of sources in a given pixel 

 is the value of the selection function of our galaxy sample in that same pixel 

 is the mean number of galaxies per pixel, accounting for the selection function: 

   

g ≡ δg(n̂p) =
N(n̂p)

N̄w(n̂p)
− 1 ,

N(n̂p)

w(n̂p)

N̄

N̄ =
∑p N(n̂p)

∑p w(n̂p)
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Power spectra estimation
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Redshift distributions
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‣ For each redshift bin, the  is estimated from stacking of the galaxy’s photo-z PDF 

‣ South (EDFS) and Fornax (EDFF) are consistent, while EDFN (North) is not

dN/dz

Different external 
photometric data: 

EDFN: the UNIONS survey 
combined with Pan-STARRS 

EDFS and EDFF: DES data
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Validation

• Null tests: 

• kappa x g  , g  x g  

• kappa  x g 

• x between different fields  

• Consistency with clustering redshifts 

• Consistency with tomographic Flagship2 simulation 
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Robustness tests 

Compatibility  vs κg + gg gg

Compatibility with vs without cross-bins

σ̄ =
μsub − μfull

σ2
sub − σ2

full

Leave-one-out (LOO) compatibility 
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Cosmological inference

Marginalised cosmological parameters obtained using 
different data set combinations of Euclid Q1  galaxy 

sample and CMB lensing from ACT and Planck.   

The corresponding p-value of the best fit is in the last column

pstar
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Comparison with Planck cosmology 

Summary of PTE between our fiducial theoretical 
predictions and measurements obtained for all the Euclid 

Q1 fields and galaxy samples considered in this work


