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Outline (optimistic)

¢ Some general intro on CMB, LSS and
cross-correlation cosmology.

€ The Euclid mission

€ (Preliminary) cosmological results

with QI data release WHY LA l WHEN
i

€ Status and prospects for DRI

¢ Cosmology and astrophysics with Gaia QSOs

€ Summary of past work and prospects for DR4.

& Conclusions
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Open questions in cosmology as of 2026

ordinary matter

| 5%
b

dark matter

25%

dark energy
70%

® Whatis dark matter?! Do massive neutrinos contribute!?
® What is the nature of dark energy!?

®  Which mechanism driving primordial inflation?
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Cosmological probes: CMB

D [1K?]

Angular scale

90° O.2° 0.1°
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Planck (PR3, 2018) CMB-TT
ACT DR4 2020)
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CMB temperature information saturated by Planck, now moving to polarization (ACT, SPT...)

e Major improvements on Z m,, from new polarization measurements.
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Beyond CMB observations

® Observing matter distributions as it grows: we need proxies

I I

® Spectroscopic surveys 0
(e.g. DESI)

T
N
I
o
o
N
I
o
I
N
I
o
o
|
®

Photometric surveys
(e.g. Rubin)

|

|

normalized flux / filter transmission
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Giulio Fabbian Saclay Astroparticule symposium



Cosmological probes: galaxy clustering

® To test LCDM model large-scale structures (LSS) offer invaluable tomographic help!

1750 F

1500 f

—

kP (k) [(Mpc/h)

500

250 F

5 1250
1000

750 F

More sensitive to parameters governing recent growth (dark energy, neutrinos)

e 3D P(k,z) with shape and BAO, 2D C;’g

® Challenges: galaxy bias P(k,z7) ~ b;(z, k)P, (k, z)
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Cosmological probes: weak lensing

® Galaxy shape/ellipticity is correlated by the presence of dark matter through lensing.

y = e+ 1e,

7Y £
C' = P,k z)
XX
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Non-tomographic
o Doux+2022

e Galaxy intrinsic alignment: (77) = (yy) + (€’¢®) + (ye*)

100 400

Multipole £

® PSF noise and lensed galaxies' distribution:¥ = (1 + m)y + n

900

1600
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Cosmic 3x2pt

e Galaxy clustering: local, growth rate ng X bgzag Matter RMS over 8 Mpc radius

® Weak lensing / cosmicshear: LOS integrated, sensitive to amplitude Sg = 68\/Qm/0'3

e Shear + galaxy-shear: sensitive to 0C,/0P(k), C;’y X bg082
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KIDS & DES collaboration (2024)
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s CMB “the” CMB?

® (CMB is a snapshot of the universe at z ~| 100.... plus lots of other things!
® Galactic foreground emissions (dust, synchrotron, free-free, AME)
® Imprint of astrophysical objects / late time physics

® |CM gastrophysics,

cosmology
s © SPT150 GHz —— tSZ = (tSZ/kSZ)
107 B Do O ACT 148 GHz CIB Poisson
— tSZ x CIB (abs.) —— Radio Poisson
— kSZ —— Lensed CMB
- CIB Clustering —— Total P
L1107} [gue .
O , ® Star formation,
- Addison et al. 2012
5 cosmology (CIB)
:t 10! 2
//
100 / |
i . ® Extragalactic

103

Multipole Moment ¢ astrono my, Gal axy

evolution
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State of the art of the CMB secondaries

® |SW “oldest" probe, becoming less competitive because of limited achievable precision
(cosmic variance...)

® CMB lensing hints in early 2000s, first detections 2010, now booming!

® SZ picking up after first Planck data release, regaining momentum with kSZ

—
—
]

. ' CMB lensing
. ~1st direct
8 .
) |SW detection

Ignore &

units >
4- 3
3— -
2- - ¢
1- \.f 2 '4
0 l . /! — : : :
1995 2000 2005 / 2010 | 2015 2020 2025

1st ACT/ 1st Planck
SPT results release
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CMB and gravitational lensing

Image by: Lucy Reading-lkkanda/Simons Foundation

® CMB is the most distant light: photons cross potential wells of LSS as they form.

® The properties of lensing are encoded in the deflection field: can we estimate this? Yes!

d=Vyp —— (L)~ [ dATOHT*1-L)
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CMB lensing state of the art

ACT: Madhavacheril+(2024), Qu+(2024).
Planck (2018), Garron+(2022) Fe, Millea+(2024), Omori+ (2026) for SPT on 1500deg2
le—=7
1.751 ACT 2011 POLARBEAR 2020
Planck 2022
{ ACT DR6 2023

1.50 1

1.25-/

1.00+

SPTpol 2019

~400
detection

0.751

Qu, Fe+2025

0.50

L2(L+1)2CP%1(2n)

0.25" '

0.00

—0.251
20 50 100 200 500 1000 1500 2000
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CMB probes and cross-correlation

® CMB lensing: integrated, 2D projected, unbiased, mostly linear matter probe at z~2.
® Applies also to SZ maps, CIB maps, temperature maps....
® Overlaps with anything connected to LSS (broad kernels):
® synergies and complementarity with LSS probes.
Age (years)

10° 108 107 10°

lllllll L A lllllll I A lllllll L L llllllll

— CMB lensing
- Galaxy lensing

Madavacheril+2024 I

Weight W(z)/W max

- e
- ————————
I

AR
101
Redshift z
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Cross-correlation basis and examples

CMB
d lensing L—I—l 9
CpP ~ 2 S Wa()Wa(x)Ps <k= x/ ,z(x))

Galaxy clustering Galaxy lensing

1dndz 1 1
_ _ 2 \
Wy(x) = bg(z)— WX, xs) =700x° (= — — ) ©(xs = X)
ndz dy X  Xs
K8 /. / 58 7 K8 (88 Mean redshift
DG ~ Cbﬂ / Cf ~ 0 e {C ’ Cbﬂ } 0.040 0;2 0;4 0;6 0;7 0;9 1;0 1;2 1;4 1;8 2;4
— ACDM 4 oMPZ —— LSST shear: Kg,ifgal
Wo = -1.2 * LSST x Planck ﬂ 0.0351 LSST full: gg;g/ﬁgala Kgalﬁgal
104 Yo = 0.25 4 LSST x SO = Combi2: gg, gkcmB; GKgal
' r} Ta = 0.50 | $ LSST x CMB-S4 T0.030) . Combil: rewshcus, Acwa g
* DES (Giannantonio+16) S 2l T —— LSST full & CMB S4 lensing
Bianchini & 8 ' - - LSST requirement
QU Reichardt NS
(2018) I
05 N %
2
\]L,.\ .
D
i
, W
0.0 ! ' Schaan et al. (2017) Vallmotto (2012)
0 1 y 3 00w ﬁ

«@ w\w‘”«@«@ «&\%& Q& ««\%N
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Cosmological probes and cross-correlations

® Test redshift and scale dependence of any new physics in a robust way.

Large scales Small scales
1000 Primary CMB %
Preston, Amon, g
10 4 Efsthathiou (2023) =
| 3
CMB lensing
CMB-lensing x Galaxies
N
1
&
=
_ . RSD/ =
Low-z: new _dark Clustering % Messy baryonic
energy physics? —  physics?
0.1
0.01 0.1 k [Mpc'] 1 10
New dark
matter physics?
ma
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CMB cross-correlations for cosmology

7/2023 (2024/2025 3/2025

6/2025

Stage 2/3 surveys .
(DES,ACT, SPT, PB) Euclid Iaun

Simons Observator SPHEREX

Rubin

first light s | _ first light

—

T i S

& 4
%) N J
o 1CO_Aad g

‘ Roman
launch

+'o,/:\§ 1
e

VERA C.RUBIN
OOOOOOOOOOO

® Current data:

Omori et al. 2019

| (DES collaboration)
® marginalizing systematics at limited cost. &
® Already some additional constraining 1.0 -
power!
@
. . - -
e Situation bound to change very soon: = 08
c
<
® New CMB data on sky! p
% 0.6

L
® New galaxy surveys on sky!

Yt KCMB
Yy
VY +0g7Vt +0g0g
KCMBRCMB

0.25 0.50
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What to expect: synergies between surveys

- - o Wi F ‘ * .o K AY ,..

Euclid Early Release Observation image

Euclid Q1 release e wide
Romanowsky+(2025) Rubin 1st wide image

LY . -
> bl

éuclid : Rubin g,r,i

DESI Legacy Imaging Survey
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The Euclid consortium
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The Euclid instrument
® Covers 30 years of Hubble operation every ~5 days (FoV ~ 0.57 deg?),0.2” PSF.

® ) set of instrument working simultaneously:
® VIS: visible band, 25 AB mag. limit at SNR ~10 (objects detected down to 29!).

® NISP: near IR, 24.5 AB mag. limit at SNR ~5.

® Slitless spectra with R~400 (DESI R~2000).
O Q .
108 - N b S
A\
S
3 /e [ He Atmosphere | |1 JWST NIRCam FO70W, FO90W, F115W, F150W, F200W /Q// @ Euclid
1.0 - —1 YE —_— BGE PWV=1mm| . ] ] -
—J — RGe| |--- GaiaG | _ | ~ ' @ DESIELG
£ 107 @ DESI BGS @ DESI QSO
. 0.8 <
=< [2]
= e 3 @ DESI LRG
C
2 0.6 ©
8 -3
Z € 10°
& 0.4 3 ® SDSS main sample
= 9 =z
0.2 X ngglez . eBOSS QSO
o A 2dFGRS
d J \ J L k ® ® @ <BOSS LRG
! 5 |
00 ! T T/J T T T |J T T J T T T T T T T T T T T 10 . VIPERS
03 04 05 06 07 08 09 10 1.1 12 13 14 15 16 17 18 19 20 21 22 23
Wavelength A [um] @ sSDSS LRG
107" 1 10 10? 10°

Euclid mission overview (Mellier+2024) 5 3
Comoving volume [h “Gpc™]
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Euclid concept and targets

Galaxy clustering

Credits B. Granett

Clusters CMB cross-correlations

. Euclid coll.
Strong lensing ... and more (Mellier+2024, Blanchard+2020)

® Probe dark energy EOS w(a) =wy+w, (1 —a) o(wy) =0.02, o(w,) = 0.1

o Testgravity f~ Q' o(y)=0.02, o(f)=0.02 09<z<19

e Probe dark mater and IC: 6(0g) = 0.01, o ( Z my> = 0.03eV, 2x better n, a,
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Predictions and forecasts: main probes

Model: wg, w, - flat - pessimistic

Model: wp, w; - non-flat - optimistic

mm GG e GG+ WL GCs + WL + GCpp, + XC GG e GG+ WL GCs + WL + GCpp + XC
e WL = GC,+ WL+ GCpp s WL mmm GC.+ WL+ GGy
Og Og Euclid coll.
(Mellier+2024, Blanchard+2020)
ns nS
h h
Wa
Wa
Wo
Wo
Qp,0
Q
b.0 Qpk, o
Qm,o Qm,O
0.001 0.01 0.1 1 0.001 0.01 0.1 1
0/6+iqg 0/65ig

® None of the probes alone satisfies the science goals!

® Combination is crucial to reach targets, even more so for beyond LCDM models.

® Higher-order statistics can shrink by 50% (Ajani+2023)

® QOthers to be added: voids ~20% better, RSD...

Giulio Fabbian
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WIDE survey

® |5000 deg? covered over 6 years of data acquisition. 4 visits with ~700s exposure.
® Optimized for low background (1/100 of Zodiacal + Galactic background).

® |st full cosmology release expected ~ soon.
Euclid Wide Survey chronology (2.5Kdeg?/yr)

Yearl Year2 Year3 Year4d Year5 Year6

Dec. (2000)
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Scaramella+2020 -
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Forecast for 6x2pt analysis end of mission

® Assumes pessimistic Euclid survey in ~5 tomographic redshift bins, z,,,. = 1

® SO-like CMB lensing: 4-10x improvements in dark energy / modified gravity constraints.

flat wow,CDM non-flat wow,CDM

FoM = 500 FoM = 188

0.4 —— FoM = 59 4 " —— FoM = 517
FoM = 1284 FoM = 1159 WL GCp ¢

04 - y Euclid 3 x 2 pt

_06 B T T T T B T T T T
flat wow,yCDM non-flat wow,yCDM GCp
0.6 ,
-------- FoM = 442 s Tl FoM = 160
044 — FoM = 561 4 —— FoM = 497
T FoM = 1242 LU FoM = 1111
0.2 4
¢ CMBX 3 x 2 pt
~0.2 1 MAN
~0.4 . ‘s )
Euclid collab. (Blanchard+19)
_06 h T T T T T 7 T T T T T . .
110 -1.05 -1.00 —0.95 —090 -1.10 —-1.05 -1.00 —0.95 —0.90 Euclid collab. (Ilic+21, CMBX SWG)

Wo Wo
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Towards DR 1:the QI data release

Euclid QI (~63 deg?) (~1800 deg?)

® |nitial release with Ist quarter of data (Q1) ~63 deg? using “pre-launch” pipeline.

® |deal for cross-correlation, end-to-end validation! Fabbian, Legrand, Pagano, Lembo,

Piccirilli, Kou, Benabed, D’Assignies,
Gouyou Beauchamps, Hartley, Tessore,
Tutusaus +
(to appear soon)

® (CMB data: Planck for Northern sky,
ACT and SPT in the Southern sky.
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Meet the Euclid CMBX core team

Emma

Aycoberry Cail Daley Léa Dumilly ~ Margherita Vilasini Tinnaneri

Lembo Sreekanth

Tanguy Matteo
Dusserre Peronaci

universite
PARIS-SACLAY

Nabila Laura
Aghanim Salvati

Raphaél Kou Louis Legrand Luca Pagano Giulia Piccirilli Davide Luchina
(IRAP Toulouse) (IAS & CBPF) (U. Ferrara) (U. Rome Tor Vergata) (U. Milan)
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Towards DR 1:the QI data release

® Magnitude limited sample with ~20/arcmin?, z < 2.5 after star/galaxy separation.

EDFS

EDFF

EDFN

Magnitude limited sample

~ 24 gal/arcmin2

fiy ~ 0.07 %

~ 23.5 gal/arcmin2 |—

~ 22.5 gal/arcmin2

fiay ~ 0.06%

CMB lensing convergence

ACT

ACT

Giulio Fabbian

0.2

- 0.1

- 0.0 ~
KWF

- -0.1
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Towards DR 1:the QI data release

® | bin: properties consistent across fields

® In agreement with “uncalibrated” Flagship 2
simulation (PTE>0.08)

104(¢ + l)Cfg

| —— FS2 ¢ EDFN MagLim

— FS2 ¢ EDFS MagLim

®
&)
® . ‘¢ _ - I |
Tomography.” we adopt “model T os * *
independent” data cuts based on jackknife s ol § *4_*J +4' } F
consistency and Flagship 2 simulation. £ t +
03 0 2%0 5(l)0 7;0 10l00 12l50 15l00 17l50 20l00
¢
A EDFS go X go A EDFS g3 X g3 EDFS «k X g3
' — I-:SZ true z ' ' L5F '
—— FS2 PHZ_MODE_1
3t = FS2 model - -
G ¢ MagLim ) | *
= sl | _
: 'FH‘“ . I | H | | ‘
o .
S H
0 7l -
0 500 1000 1500 2000 0 500 1000 1500 2000 ~10% 500 1000 1500 2000
¢ ¢ ¢
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Imaging systematics treatment

Galactic Extinction

Exposures

(61.245,-48.343)

Linear
deprojectio

—_—

+12 others
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0.01 -

s

Fabbian, Alonso+
(2026)
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Minor effects in the science band on well defined scales, no effect on cross-correlation
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Power spectra measurements

~ . . EDFIS . . . . . . EDFIF . . . . . . EDFIN . . .
Gé _ /LXg ¢ pea>090 © pur<0.05 —=Theory | i % ‘
ey, l l | l 1 T | : I
Sotli bt} by b {14 |

= <3 __| ______L‘ 4 ,l ~q=d_L 1 . \ | B I \\\\\ ____I | _ I
F=if P & v 13 7] fr **** FET | h T —
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3_ [ [ ! ¥ T — 1 ] . T T T
Sl 878 T * I i
2| ] g I
§ | + L’—_L—-I—-#’{’r ) 1 | —_4_—4-—+’%.—’+ + % * &_j__”—*’{’——&_— 1 ’*_
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— g L 49 L @
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¢ ¢ 4

® WARNING: theory lines are not fits!
® Planck 2018 + estimated n(z) + fiducial Flagship calibrated galaxy bias model.
e TLDR:good 7* (w/ RSD, magnification bias matching expectations).

® Tomography case more complicated at face value: need to account for redshift errors.
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Towards a full cosmological inference pt |

e Eulerian PT bias model at second order for k.

L4y
o0
= 1.2

1.0}

g=0b,b/5, +b"’ 52 Q

B EDFS
WE  EDFF
EDFN

1.5

3nl ¢

= 0.5 hMpc~!

b/\

tahe

e Consistency across EDFs for cosmological parameters and differences in Ag)

J

calibrated on Flagship 2

Saito+2014;

( b bﬁd 1 ) Gil-Marin+2015;
Pandey+2020

B EDFS

W EDFF
EDFN

0.1 ~01 01  -01 01 0.0 0.2
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Towards a full cosmological inference pt |l

® (Can we describe a single set of redshift error parameters?

e kg improves goodness of fit: 6(€£2, ) ~ 0.036, a(bg) ~ (0.043, robust to leave-one-out tests.

Joint EDFs (5A)

L2} W/o cross-bins]
N g9
B <g+gg
Planck
(=)
)

Joint EDFs (15Ag))

W/ cross-bins | W/ cross-bins ]
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Comparison with state of the art

e Linear growth factor D(z) ~ C;fg / C;fg ~ bgDz(z)/\/ bgzDz(z) = ApDg4(2)

Removes naturally redshift and bias modeling uncertainties.

Comparable to DESY3 x ACT with ~10x less sky area.

147}

1.2}

S|
T~

1.0

D¢(2)

Giulio Fabbian

Q1,Ap =0.84+0.16
DR1 South, Ap =1 +£0.037

—— ACDM
® ACT-DR4 x DES-Y3
Q  Psiar < 0.05 EDFS+EDFF+EDFN ]

_____

Marques+2024;
Bianchini+2018
Giannantonio+2016;

Higher redshift
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Comparison with state of the art |l
® Adopting galaxy bias (conservative) priors from Flagship 2 for 2x2-pt : 6(cg) ~ 0.028

® Comparable of full unWISE/DESI x ACT+Planck using ~10 000 deg?

o Sg=0.79T007 comparable with current ¢ (SS) ~ 0.02 accounting for sky coverage.

—0.09
Bl Fuclid Q1
B ACT+Planck x Euclid Q1 B KIDS Legacy 7y
P ACT+Planck x unWISE / DESI-DR1 gg +DES-Y3 v~ 3x2pt
B ACT+Planck x DESI \ DES-Y1 4 SPT cluster abundances
Sailer+2025 Porredon+2026
Farren+2024 Wright+2026

Costanzi+2021

1.0} i ~
0.97

0.8}

0.6 i
0.77 - \

0.2 0.3 0.4 0.7 0.8 0.9 02 03 04 05 0.6 0.8 1.0
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Simons Observatory CMB lensing status

Credits Ola Kusiak (KICC), Karen Perez Sarmiento (IAS) and SO collaboration

1 —_
300825
SNR=15.0
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0.5¢ —— Theory
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0.9t 102 103
L

Simons Observatory
LAT Survey

Simons Observatory coll. (2025)
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A comparison with deep ground-based data...
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A comparison with deep ground-based data...
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Cosmic shear cross-correlation

KiDS-Legacy

Euclid DR1
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Tomographic k X y SNR~13 on

K X E (combined bin)
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~200 deg?, highest to date.

K X B (null test)
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58 tension and baryonic suppression

® Galaxy lensing drives the Sg tension: large uncertainties on matter distribution at small scales.

® Can reconcile current measurements with proper model of baryons.

® Can perform a joint fit with other direct probe of gas distribution e.g. SZ effects
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0.80F
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gravity-only
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Planck

Arico+ (2023)
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The Sunyaev - Zeldovich effect

‘a ®

0.2

o
p—

Al (MJy sr™ 1)

-0.1

Compton-scattering of CMB photons off free electrons
with non-zero line-of-sight bulk velocity.

Direct probe of gas momentum and gas
abundance!

Cosmological information through velocity field, gas
properties through optical depth.
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SZ cross-correlation with Euclid

® Shear x tSZ SNR ~|3 Comparable to current best measurements with DES x ACT DRé.
® Galaxy clustering x tSZ: SNR ~18, should beat unWISE x ACT+Planck already in DRI.

. . Pandey+(2024)
® kSZ detected with spectroscopic sample... Kusiak-+(2024)

® Internal, self consistent constraints on gas physics (also to inform cosmological inference).

| —— GODMAX fiducial (not a fit) CIB/CO & systemati i ——GODMAX fiducial (not a fit) CIB/CO & systematics—.
§ ACT DR6 x Euclid Q1 contaminatio i i ACT DR6 x Euclid DR1 subset contaminatiop/ :
®  ACT DR6 x Euclid DR1 subset validation reqgdired validation req/u"ired
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N Q|
X
N ‘ S
= =
+ P + { {
= A
= i%}f/ \ i { {
l } 3 ¢
S
10! 102

3

T e
Multipole 7

Giulio Fabbian Saclay Astroparticule symposium



EUCLID

RESULTS SO FAR
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Cluster cosmology

® Number counts sensitive to dark —' ~ PlancktSZ | XMM-Newton
energy (now ~1000s) s\ A o
® tSZ flux limit ~ mass limit! ‘ ' 1 rccwn

® Complementarity / synergies with S |
X-ray and lensing surveys . B ; Abemev\

195.50 195.00 194.50 193.00
a \ 4 | y ‘ \ | 1

NGC 4839

Coma cluster (Planck coll. 2015, Mirakhor+2020)
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In the meantime... Gaia!

® Gaia: photometry, astrometry, slitless
spectroscopy with 30 < A/A1 < 100

® DR3 released 6.6 million quasar candidates.

® (leaner selection, omplete but low purity:
many stars masquerading as QSO :/

® DR4 expected in 2 months!
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How it compares?

Quaia

SDSS DR16Q

Credits Kate Storey-Fisher

w

[\

redshift z

N foky | 7, Vapan, Vett, Zmed | f(]02] < 0.01) f(l6z] <0.1)
deg™2 | (h~' Gpc)?| (™! Gpc)?
Quaia 1,234,715 | 0.73 | 40.78 | 143.78 7.08 1.48 | 0.63 0.84
Gaia Purer 1,647,311 0.73 | 54.42 | 143.76 9.24 1.63 | 0.53 0.62
WISE-PS1 2,386,121 0.56 | 103.89| 109.08 20.88 1.38 | 0.11 0.71
SDSS DR16Q 637,371 0.26 | 60.18 | 50.30 4.16 1.77 | ~1 ~1
eBOSS Clustering | 409,286 0.14 | 72.52 | 26.80 3.21 1.60 | ~1 ~1

NB: after DESI, still largest QSO sample (slightly) and ~2.5x spanning volume
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What Quaia can do for cosmology!?

® |arge sky coverage means capability to measure large angular scales.

® Towards non-degenerate og, {2, measurements

— 408, +00y —— DBest fit

0 200 400 600 300 1000

Alonso, Fabbian, Storey-Fisher+(2023)
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Cosmology from Quaia x CMB lensing

e Tomographic C;% C;° with Planck lensing

® New high-z 63 constraints.

® Careful foreground assessments.

e Tomographic 3x2pt C5%, C7F%, C;* with
ACT CMB lensing

e Constraints on og(z = 5.1)
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Quaia (this work)

Miyatake etal. 2021

Farren etal. 2023
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Abbot etal. 2023
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ACT DR6 CMB lensing

¥ Miyatake et al. 2022
¥  de Belsunce et al. 2025
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Non-Gaussianities and scale dependent bias

RN fNL

5 R
107 F \#‘ +100

O(X)ng = P(X) + /L (q)Z(X) - <(D2>) i

4 / Dalal+2008
\ 4 ‘l :
fNLb1b¢ S 3 s o X
1 X ) S 2F A TP
k T(k) ,\\ 1 Y 4 A S :_ :' :':' _:_:-:—:-:_f}}g’}'}}:'}}'}"ﬁ‘*
< of .-&"
.
5 - , |
0.01 0.10
k  [h/Mpc]

® Huge volume and high bias tracers is required to enhance detection.
e Quasars: detectable at high z thanks to bright AGNs, ~linear scales, ideal for f,; studies.

® Galactic extinction, stellar contamination, seeing, survey depth inhomogeneity cause large
scale variations / power excess in clustering measurements...
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Signature of fnLfor projected statistics

High z (z = 2.10) 10
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x|
I
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Fabbian, Alonso, Storey-Fisher+(2026)
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Constraints on fnL
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v
Aggressive systematics subtraction: Scale cuts from ground-based surveys
~3x degradation of results (Krolewski+2023)
(Rezeie+2025)

® Cross-correlation can reach the largest scales with no systematics contamination!

e O(fyp): worse than expectations due to residual systematics AC;g X \/ C;Kng
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Robustness tests and perspectives

0997 ngﬁ C9- CCIB/{ 09 P(k)

Fabbian, Alonso, Storey-Fisher (2025)

—100- Bermejo-Climent+(2026, w/GF)
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= SOX S s rog
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e o(fy) ~ 14 — 17 approaching spectroscopic galaxy surveys in 3D o(fy,) ~ 11 (b, = 1)

8haussidon+2025
. . Cy . . . hiarenza+2026
e With new Gaia DR4 o(fy;) < 9 within reach even with same number density

® Synergies with new SPHEREX, DESI...
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| st keqg measurement from cross-correlation

LS =B [ pss 1y
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Cross-correlation with cosmic birefringence

Presence of axion like coupling can generate cosmic birefringence

O £ iU — T M0 + i)

T

0

® (M) can be reconstructed with quadratic estimators and correlated with matter tracers.

)

dr g(0)Ty4(z, k)jy [k(zy — 7]
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Astrophysics

This work
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Euclid as synergy machine: QSOs

Photometric AGN/QSOs (30M expected DR3):

kg + gg from Q| AGNs: signal detected ad 3 — 40!

Aog/os [%]
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0.6 B Piccirilli et al. (2024)
0.4
| Peronaci+ (in prep. w/ GF)
0.2 5 B
0.0 — S .
107 71%
21%29%  2.2%
e
H ’ | |
1.3%:1.7% 1.2% 9997
-10¢ | | |
0 2 4 6 8

og(z =7) at 2% wl kg + gg + KK

o (fNL) ~ 2

Giulio Fabbian

10

=== (CMB lensing kernel -

1.0f
bin n°1 Euclid
== bin n°2 Euclid
= bin n°3 Euclid
0.8}
_ 0.6}
=
= o4l Euclid coll.: Bisigello+ (2024, w/GF)
0.2} j
09 1 2 3 4 5 6 7 8
Z
le—7 —
fiducial
— = single fit (Ag=1.15+0.35)
6r ® data ¢¥ |
O
4F~L i
S \\\ Euclid coll: Peronaci, Fabbian+(in prep.),
O \\\ Euclid coll: Matamoro Zatarain+(2025)
2r S~ i
\\
O oo % ..... ?‘;—i- $-24. }.._
102 103

Saclay Astroparticule symposium



Higher-order cross-correlation

® Why limit to 2-point correlation functions....

o (xKkg),(kgg):great tools to reduce errors due to galaxy bias uncertainties.

® High-significant detections appeared very recently, hard to model...
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Conclusions

® FEuclid is is a fantastic synergy machine.

® Exciting prospects for Euclid X CMB probes:
® Promising cosmology results achieved in Q.

® With large number density and area come great
responsibility: A TON OF SALT needed.

® Ask me about kSZ if interested.

e Upcoming DRI will have >300 C’¢ alone! BAO
detection already has competitive results...

® Looking forward to Gaia DR4

® New exciting constraints on primordial and late-time
cosmology (and astrophysics).

® Stay tuned!
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