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ABSTRACT

We perform a tomographic measurement of the clustering of a magnitude-limited galaxy sample from the Euclid Q1 data release and its cross-
correlation with cosmic microwave background (CMB) lensing from Planck and the Atacama Cosmology Telescope (ACT). The measurements
are consistent across the three Euclid Q1 fields, with a combined detection significance exceeding 300 over a total sky area of ~ 60 deg®. We
verify their robustness against a range of potential contaminants and systematic effects providing a characterisation of the galaxy bias as well as
an assessment of the quality of the photometric redshift estimates. These findings are then used to carry out a cosmological analysis accounting
for galaxy bias modelling and redshift uncertainties from the combination of galaxy clustering and CMB lensing cross-correlation. Using a Dg
statistic, less prone to systematic effects, we obtain an amplitude of the growth factor A, = 0.84 +0.16. Furthermore, assuming priors on linear and
non-linear galaxy bias parameters obtained from the Euclid Flagship 2 simulation, we obtain Qn = 0.282*00° and os = 0.826 + 0.028 from a full : Y !
likelihood analysis. All these results are consistent with recent results in the literature based on ACT, Planck, DES-Y3, unWISE and DESI LRGs

and reach a comparable sensitivity despite using substantially less sky area. Our analysis also shows that including CMB lensing cross-correlation G Pi C Cil’ﬂli
improves the constraining power by up to 30% compared to an analysis based on galaxy clustering alone, and yields a better fit to the data. Even .

at this initial phase of the data analysis, our findings demonstrate the strong potential of Euclid to deliver precise cosmological constraints in its
future data releases, and highlight the effectiveness of CMB lensing cross-correlations at mitigating Euclid’s systematic effects and enhancing the
mission’s constraining power.

/

Key words. Cosmology: observations; large-scale structure of Universe; cosmic background radiation; cosmological parameters; Surveys.

Margherita Lembo Colloque national du WG Dark Energy



Why Euclid x CMB?

Cosmic Microwave Background
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Inflation Formation of Light and matter Light and matter  Dark ages First stars Galaxy evolution The present Universe
light and matter are coupled separate

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

CMB lensing — gravitational lensing
of CMB photons by all matter along
the line of sight

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

CMB temperature (ISW) — decay of
gravitational potentials on the largest
scales, imprinted on CMB photons

Kinetic SZ (kSZ) — inverse Compton scattering
by bulk electron flows; traces gas momentum
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Why Euclid x CMB?

CMB and LSS probe the same Universe
at different epochs and scales
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Why Euclid x CMB?

CMB and LSS probe the same Universe UN'TY IS STRENGTH

at different epochs and scales

Large scales Small scales

1000 Primary CMB e .
Preston, Amon, Efstathiou (2023)

10 |

Degeneracies

Early times

CMB lensing

CMB-lensing x Galaxies

RSD/
Clustering

Late times

0.1 Different probes, different systematics:

0.01 HEE il 10 together they are more robust
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Euclid x CMB: 6x2pt analysis
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Forecasts: Euclid DR3 and SO-like CMB data

WL GCp
Improvement
energy 78 x CMB lensing
WL C | x Full CMB
OFEuclid+CMBX
Fuclid 3 x 2 ol OFEuclid,only
GCp

Intrinsic
Alignment

CMBX 3 x 2 pt

Euclid collab. w/ CMBX SWG (Ilic+21)
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First “quick” data release

Euclid Consortium

A space mission to map the Dark Universe

?

Euclid data release: Q1

The Mission v News & Media v For Scientists v The Consortium v The Euclid Blog

Euclid has a number of planned data releases to the world. The first one is the “Quick Data Release 1” or Q1 for short, that released
63.1 deg® of wide-survey science data on 19 March 2025. This release, containing approximately 26 million detections, is not a
cosmology release but primarily aimed at a variety of astrophysical studies, providing VIS and NISP images, NISP spectroscopy,
external ground-based data, catalogues, and masks. A total of seven technical publications and a supplement describe the content
of the release. An overview is given in Euclid Collaboration: Aussel et al., 2025, “Euclid Quick Data Release (Q1) - Data release
overview”. A constantly updated list of Q1 reference and science papers is given below. Complete information is available at ESA's

Q1 data release page, with a detailed description in the release’s Explanatory Supplement, and with a specific pointer to the Release
Notes.
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Euclid Q1 X CMB: 2x2pt analysis

BN WL GCp
EDFEN

Planck PR4

WL

ACT DR6
Fuclid 3 x 2 pt

GCp

CMBX 3 x 2 pt
_

Euclid Q1 (-63 deg?): EDFN + EDFF + EDFS

v EDFN x Planck only
v EDFF/EDFS x Planck and ACT
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Euclid Q1 maps
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Comparison with Flagship 2 simulation
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Comparison with Flagship 2 simulation
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Where do systematics show up?
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Imaging systematic treatment

Galactic Extinction

Exposures
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Power spectra
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» Theory lines not a fits!

= Planck 2018 + estimated n(z) + 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
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Redshift distribution, n(z)

1.50

» For each redshift bin, the n(z) is estimated from stacking of the galaxy’s photo-z PDF

1.25¢

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

» n(2) in “good agreement” with FS2 1.00}

075}
0.50}

0.25¢

0.00,
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n(z) vs clustering redshift

» For each redshift bin, the dN/dz is estimated from stacking of the galaxy’s photo-z PDF 1.50
» EDFS and EDFF are consistent, while EDFN is not: different external photometric data 1.25}
» n(z) in “good agreement” with FS2 oo
075}
=
» Clustering redshifts with DESI show robustness (only 10degz, more available for DR1) 0.50}
X 0.25}
r— . . —— 3\ 0.00
b gﬂﬁfﬁfﬁg BGSs, LRGs, ELGSs) _
| ¢ Clustering z (DESI QSOs) 6 Bins
6.00r —— 000<z<023 —— 0.65<z<0.88
' —— 023<z<045 —— 088<z<1.20
0.45 <z<0.65 1.20 < 7 < 2.50
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Galaxy bias modelling

Galaxy bias modelled using Eulerian perturbation theory at 1-loop order:

2S | /

bﬁd b .
g=bg1ﬁd5m+bgl%5,%l +2 - "2/%5,% b,=——(b,b

—1)

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

Second-order non-local (tidal) bias

Fiducial bias parameters Higher-order bias fixed using the co-evolution relation

calibrated from Euclid parameters set to zero
Flagship simulations

Science bands

zbins  Redshift range Loin  Lmax(kni)
Model validated on FS2 simulation up to 1bin  0.00 <z < 2.50 100 372
k — O.Sh/MpC: 0.00 < z<0.23 100 144
max 0.23 <z <045 100 220
B . 0.45 < 7 < 0.65 100 301
= bg = 0.983 = 0.012 obIns (65 <z < 0.88 100 445
al 0.88 <7< 1.20 100 625
= b, =0.99+0.17 1.20 < z < 2.50 100 846
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Towards a full cosmological inference

Parameter Value
Cosmological parameters
Qn, (0.01,0.95) sampled
In(10°4) 3047 | w1050 | * COSmOIO?CGl
Quh? 0.09635 POTUTLIEIES :
Quh? 0.02242 MCMC runs: |
Q,h? 0.00064 gg vs Kg + gg, each with and
';j" - (? ’366 2\5, without g cross-bins for
T 0.0561
. 1/3 .

h derived ([th3 /Qm] ) ehift v each field separately

2 . 2 2 2 reasinlit errors,
o derived (i’ — 0wl — O, 1) 7 ni(z) - ni(z + Al) v joint fields, shared photo-z
Nuisance parameters - :
AY N(©,0.1) — | shifts (5 AZ)
b U0.1,3.0) | N(1.0,0.036) | galaxy bias L "
b§‘ N(1.0.02) ——p amplitudes v joint fields, per-field photo-7
by derived (bgbi¢) shifts (15 A )
by derived (b2'b°)
b, derived (—4/7 [b; — 1))

Margherita Lembo Colloque national du WG Dark Energy



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

> G(Ag)) ~2x better than results obtained from
spectroscopic cross-match (Tucci+26)
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Combining the 3 ED fields

B EDFS o » Consistency among the 3 fields:
I EDFF < K8 + 88 we are able to model redshift errors
W EDFN | and astrophysical nuisance coherently
BN EDFS+EDFF+EDFN (5A,) o » EDFF is the more problematic and less
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Therole of the kg2

Joint EDFs (5A)

1.2} w/o cross-bins
PTE = 2% > Kg + gg: equally good with or w/o
K L PTE=26% - cross bins
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t _
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modelling: ~30% improvement on
cosmological parameters
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Therole of the kg2

B g
B <g+gg
Planck

1.2

L.1¢

1.0

0.9

L.2¢

L1}

1.0

0.9

Joint EDFs (5A)

Joint EDFs (15A)

w/0 cross-bins

PTE =2%

PTE =26% T

w/0 cross-bins

PTE =1%

PTE =26% 1

W Ccross-bins

PTE = -

PTE =15% |

W cross-bins

PTE =2%

PTE = 26% |

» Kg + gg: equally good with or w/o
cross bins

» K2 breaks degeneracies with

galaxy bias and stabilizes photo-z
modelling: ~30% improvement on
cosmological parameters

» 15 Az better photo-z errors handling
and 15% tighter constraints
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Q1 vs state of the art results (1)

Comparable to DES Y3 x ACT <8 b Dz( 7)
. A 74 8
~ | _
with ~ x9 less sky area! D (z) ~ ~ = ApD54(2)
1.4 - Ap=0.84+0. 88 22
| Ic:)olreAcasteodS[jRIOScl)ﬁth,AD=110.037 \/Cf \/bgD (Z)
--- LCDM
1.2 @ Marques et al. 2023
¢ | © Pstar EDFS+EDFF+EDFN » Removes naturally redshift and bias
1.0 \ modeling uncertainties
o 08\i‘&~Q | | » Combining the 3 ED fields, we measure the
< & —— | ¢ Tm==. ? I s .
. T\°>%_\ amplitude of structure growth:
o |7 T A, =0.84+0.16
0.2- | Higher redshift ey similar to the ACT x DES (Marqgues et al. 2023)
. ) Wrt DES Y3 | from 500 deg?2: Ap = 0.87 £0.14
00 02 04 06 08 1.0 12 14 16
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Q1 vs state of the art results (2)

» Adopting galaxy bias priors (conservative 36) from FS2 for 2x2-pt : 6(cg) ~ 0.025
> Comparable to full uUnWISE/DESI x ACT+Planck using ~10 000 deg?

> S5 = O.79J_r8:8; , comparable with current ¢ (Ss) ~ (.02 accounting for sky coverage.

B ACT+Planck x Fuclid Q1 BN Euclid Q1

B KIDS Legacy vy
B ACT-+Planck x unWISE /\ S DESLDRI g9 +DESYS 4 32
B ACT+Planck x DESI DES-Y1 4+ SPT cluster abundances
Porredon+2026
Sailer+2025 Wright+2026
Farren+2024 Costanzi+2021
\
\
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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-z errors

% Breaking degeneracy and improve the constraining power (up to 30% on Qm)
» 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
v SNR >300 C Z,fg alone!

/ Minor impact of VMPZ so far
/ Ongoing tests with tomographic binning (1-10 bins)
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n(z) vs spectroscopic cross-match

EDF-S+EDF-F EDF-N

Pea > 0.90 Dstar < 0.05 FS2 Pear > 0.90 Dstar < 0.05 FS2
AP | 0.07194(0.18)  0.0794(0.21)  0.08*93¢(0.11) | 0.06913(0.07)  0.06*2% (0.08)  0.08+220 (0.09)
A? | 0.03%2)70.08) 0037918008  0.037917(0.10) | 0.057910.06)  0.08:2% (0.08)  0.04*2!3 (0.08) In pdfenthesesf:
AY | 0.037990.05)  0.03%2%(0.05) -0.0173% (0.06) | 0.0179%(0.06)  0.01*%%(0.06)  0.01*39% (0.06) normalised Tl}edlan
AL | 0.02:9% 0.05)  0.02:9% (0.05)  0.01*%7 (0.06) | 0.02:997 (0.05)  0.03*%9%7 (0.05)  0.01*2%7 (0.07) absolute deviation
AY | -0.017297(0.08)  0.0079%(0.08)  —0.02997(0.07) | 0.019%(0.08) -0.01*%19(0.09)  0.01*2% (0.07)
A | -027792(0.34) -0.11*9%(0.35)  -0.04*%!} (0.11) | -0.067010(0.14)  -0.15%012 (0.23)  -0.03*2% (0.10)

EDF-N pg.r < 0.05 g1 X g1

2.5
. | | . . 20f
> Priors from comparison with FS2 and external spectroscopic 2y B
sample used in Tucci+26 f o B R G 7/ S I e = | e
) . . . . . % 10 """""""" :‘;”,4'—’¢
> Bin1 can be retrieved from clustering redshift but discarded in S | 47 e <
. — L ,..-";':—f”‘ e= = (Clustering z
the fO”OW|ng 0.5 ‘_‘,d == ==== Clustering z (b; only)
‘," zepr (b1 only)
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{
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Imaging systematic treatment
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Imaging systematic treatment
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With/without cross-bins

2
AP = 0.042+0.089

EDFS, kg + gg EDEN, kg + 88
AP = 0.057 4 0.036 BN w cross-bins AP = —0.005 £ 0.043 . w cross-bins
09l - L4 w/o cross-bins . w/o cross-bins
Sy 0 : Spectroscopic calibration —— Spectroscopic calibration
< .
—02f | @ )
| AY = 0.060 £ 0.035 | . AY = —0.011 £+ 0.042
% LN /) S | |
—0.27 A : —0.2} - ! ]
| | | | | AP =0.033 40043
0.2¢ ' : 0.2} | | _
—0.2f } S I —0.2f ! | o
| | | | AP = 0.050 = 0.036 | 1 AY = 0.099 + 0.044
<, 0.2¢ / Vo | | S \ \‘
< 0.1t \ : , ] <
10 ' / 0.0 i
—02 0.0 0.2 —0.2 02 —03 00 0.2 0.2
Ag) Agﬂ) Af) AE:«S)
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The role ot the kg

EDF-S EDE-F EDF-N Joint EDFs (5A) Joint EDFs (15A)

1.2}

B gy
B «<g+tgg
Planck |

w/o cross-bins

W Cross-bins

0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 ' : . : : : 0.5
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Deep dive into Q1 maps

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

The two cuts deliver samples with:

pgal =11 gal/arcmin2

pstar = 21 gal/arcmin2

= 5,(h,) = N@,) 1
8= % _Nw(ﬁp) ’

N(n,) is the number of sources in a given pixel
w(ﬁp) is the value of the selection function of our galaxy sample in that same pixel

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

Zp N(h )
Zp w(h,)

N =

Margherita Lembo

Magnitude limited sample

pgal > 090\

Pstar < 0.05

CMB lensing convergence

EDFS

EDFF

EDFN

firy~ 0.07%

~ 24 gal/arcmin

2

2

~ 23.5 gal/arcmin

Sy~ 0.06%

~ 22.5 gal/arcmin

2

ACT

ACT

-Planck
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Power spectra estimation

$  pga>0.90 Pstar < 0.05 ---- Theory

100(2 + 1) Cz

200 400 600 800 1000 1200 1400 ' 200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400

/4 /4 /4
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Redshift distributions

> For each redshift bin, the dN/dz is estimated from stacking of the galaxy’s photo-z PDF

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

EDFS

EDFF

EDFN

—— FS2-Q1
=== Pea > 0.90
Pstar < 0.05 ]

oo
Saee
............
...........

— 00<z<25 4

— 0.00<z<0.23
— 023 <z<045

0.45 <z<0.65

—— 065<z<088 |

— 0.88<z<1.20
1.20 < z<2.50 7

2.5 3.0 0.0 0.5 1.0

2.0

Different external
photometric data:

EDFN: the UNIONS survey
combined with Pan-STARRS

EDFS and EDFF: DES data
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Validation

« Null tests: ﬁ
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Robustness tests

Compatibility with vs without cross-bins
Field Data | Q, b, AP AP AP AP AP
5 — Hsub — Mtull ops &8 001 033 -099 -003 -058 -1.04 0.98
kg+gg | 071 -037 -1.04 026 -062 -1.15 1.34
52 — 52 copp 88 060 -0.86 -096 1.17 -0.77 -033 1.10
sub full kg+gg | 025 -021 -093 121 -0.80 -027 1.00
2g 137 -154 066 006 022 -057 0.10
EDF-N
kg+gg | 070 -1.89 064 010 035 -0.46 -0.32
Compatibility kg + g8 vs 88 L eave-one-out (LOO) compatibility
Fild  Crossbins | O, b, LOObin2 LOObin3 LOObind LOObin5 LOO bin6
T 076 Field Data | Q. b, Qun b, Qn by Qu by  Qu b,
EDF-S Y 110 071 EDRs &8 ~0.30 0.39 -0.79 ~0.95 040 -0.72 1.09
051 —0.90 kg+gg | ... 041 1.03 —1.58 115 ... ... 0.02 049
EDF-F , 033  —0.03 copp 88 ~0.41 0.87 3.01" -0.09 1.19 025 -1.08 0.46 —0.04
37 147 kg+gg | —0.55 071 092 -3.177 -034 1.16 ~1.09 -0.03 0.34
EDE-N Y 075 —1.44 popn 88| 094 104 L. 029 042 -027 092 -131 0.2 042
kg+gg | =069 131 0.13 -044 -0.41 -024 094 -137 -0.35 0.58
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Cosmological inference

Field Data | Cross-bins Qn b, PTE
g8 /10261005 107100 035

EDE.S Kg+gg v4 0.29J_f8:8‘61 1.04J_f8:gg 0.15

g8 027902 1.08%09% 0.48

Kg+88 .. 0.31%095  1.031095  0.08

gg v 0.26f8:(1)‘11 1. 171“8:1421 0.31

EDE.F Kg+gg v 0.25 ig:gg 1. 17“_“8:(1)2 0.26

g8 0.2870%  1.1370%  0.05

Kg+g8g ... 0.257095 116797, 0.23

gg v 0.38+098  1.01*9% (.01

copN  K8tes v 0.34+006 104190 (.81

g8 046109 096700  0.01

Kg+88 . 0387097 1.00%00:  0.84

gg / 0.31+0%4 105095 <0.01

Joint EDFs k8+88 v 0.30700¢  1.05%00] 0.15
(5AY) gg 0.347005 102004 (02

Kg+8g ... 0.32790:  1.033700°>  0.26

gg v 0.29+004 10709 0.02

Joint EDFs k8+88 v 0291000 1.06150] 0.26
(1547) gq 0.32+0%4  104%005 (]

Kg+88 0317003 1.047007 026
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fferent data set combinations of Euc

sample and CMB lensing from AC
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- ANC

Marginalised cosmological parameters obtained using
id Q

Datar 9QlOXY
Planck.

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




Comparison with Planck cosmology

Fidd  Data  »bins Cross.bing | Pet > 090 | Prr < 0.05
1€ a 1ns ross-ins
¢ PTE S/N | PTE SN
g8 ) / 044 26 (000 32
Kg+88 / 0.13 27]000 32
gg 0.09 24| 0.01 27
EDF-S 6
Kg+gg 025 251000 30
g8 ; / 076 22]0.12 22
Kg+ / 044 22003 23 L .
&7as Summary of PTE between our fiducial theoretical
g8 / 001 116|071 20 o | |
6 oredictions and measurements obtained for all the Euclid
Kg+88 v 099 171094 20 . . . .
" 017 16 1027 19 Q1 fields and galaxy samples considered in this work
EDF-F 6
Kg+gg 029 16| 048 19
gg ; v 062 14057 14
Kg+88 / 051 14078 14
g8 ) / 0.00 23]0.00 29
Kg+gg v 0.00 23000 29
gg 0.11 211|029 26
EDF-N 6
Kg+gg 0.19 21020 26
g8 ; / 002 19]0.02 20
Kg+88 / 001 19]0.00 20
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