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=+ Galaxy power spectrum modelling in the absence of spurious redshifts z 0

e P.: Power spectrum in redshift space

1+ (f(z):;,u o'[_)(z))2j| (b(2)os(z) + f(z)crg(z)“,?)

e op: pairwise peculiar velocity along the line of sight

2 Paw(k, z)

PLS k? H,Z) =
ot 2) o3(2)

Paw(k, 2) = [Pm(k, 2) — Paw(k, 2)] e 9% + P (k, 2)
BAO only x damping + Broadband

e oy:. non-linear damping of the BAO signal

gu(k, p, 2) = 02(2) [1 —p®+p? (1+ f(Z))Q]

o,and o, free nuisance parameters
with some level of BAO reconstruction for o,
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Euclid forecasts: accounting for 2D X 3D data covariances/correlations
(really needed?)

Forecasts are necessary to accurately plan the future analysis of Euclid data

Euclid main probes:
« Weak Lensing (WL)
« Photometric (GCph) and Spectroscopic (GCSp) Galaxy Clustering

Cosmological observables: statistical correlation functions of given probes

Previous Euclid forecast (IST:F) considered WL and GCpt1 including their correlation

Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI)
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Euclid forecasts: accounting for 2D X 3D data covariances/correlations

« Given two probes A and B

* Cross-covariance
» covariant probes: combined information less than “their sum”
* independent probes: combined information equal to “their sum”
» overlap of information worsens combined constraints

e Cross-correlation

 intended as the two-point cross-correlation function between A and B

» contains new cosmological information —> improves constraints if present

Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI)
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Euclid forecasts: accounting for 2D X 3D data covariances/correlations

* Observable used: tomographic angular (spherical harmonic transform) power spectra
C?B(L”) under Limber approximation

» tomography: slices of sky at various depths (redshift bins) —> improves information gain

WA(Z)W]B(Z) £41/2 : ¢ multipole moment
P =— 7

ZITIHX
C{}B £) ~ CJ dz H(z) Hubble parameter
i () . H(2)y*(z) x(2)

« x(z) comoving distance
 Pj5 Fourier matter
power spectrum

. A,B={WL, GCph> GCSP}

. Wf‘(z) weight function of probe A at tomographic bin i

@ Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI)



Cuexd WL, GCSp & GCph window functions
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@ s Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI)
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Fisher Matrix: two different approaches

(Full) Harmonic (or 2D) approach

. GCSp autocorrelation treated as angular power spectrum

« cross-covariance with other observables computed using C(£)’s

* found to be negligible even with maximum number (40) of tomographic bins considered,
which leads to

Hybrid (2D + 3D) approach:

. GCSp auto-correlation as 3D power spectrum (GCSP(Pk)) included as independent
(neglecting cross-covariance)

« here GCg, 3D full potential is exploited, including RSD and AP

cross-correlations XC(GC,y,
spectra, in both approaches

GC,,) and XC(WL, GC,) always included as angular power

Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI) IN



*\ Agenzia
S, Spaziale
Italiana

Fisher Matrix: 2D approach for GCg,

« GCq, treated with angular power spectrum (GC,(C,))
* pros

« cross-covariances and cross-correlations with WL and GCph are straightforward to
compute

* cons
« loss of constraining power w.r.t. 3D power spectrum GCSp(Pk) approach:

 radial resolution partly lost due to integration along line of sight

* redshift space distortions (RSDs) and Alcock-Paczynski (AP) effect not considered

« refined tomographic binning of GCSP(CK)) from 4 up to 40 bins

 finer binning —> asymptotical recovery of radial information

Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI)
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Fisher Matrix: observable combinations

« Using three probes WL, GC,;,, GC, we have at most 6 combinations of observables

ph>

« three auto-correlations: CA4(¢), simply denoted as A
{CW'W'(K), CPhvh(p), CSPSp(f)}

« three cross-correlations: CA2(£) with A # B, briefly denoted as XC(A, B)
{CHRh(zy, C¥ER(g), OO

* shortcut definitions

« 3% 2pt = [WL + GC,, + XC(WL, GC,y)]
« 6% 2pt = [WL + GC,, + GC,, + XC(WL, GC,y) + XC(WL, GCy,) + XC(GC,, GC)]

r..j

wicne Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI) {NFEN



6x2pt-statistics: impact of cross-correlations with GCg,
(full 2D approach)

Note x100
ee L. Harmoni roach: ref. [3 x 2pt +
amplification armonic approach: ref. [3 pt+ GCsp]
Adding XC(WL, GCs,) only (x100) Adding XC(GCgyp,, GCsp) only Adding both (6 x 2pt)
101 Scenario: Optimistic Scenario: Optimistic | Scenario: Optimistic
5 _ - J - J
01 | ] 1 g 1 N B
s TN 117)] 1717
—-10-1 1 ]
—151 1 ]
10 Scenario: Pessimistic Scenario: Pessimistic Scenario: Pessimistic
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) Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI)




6x2pt-statistics: impact of cross-covariance with GC,
(full 2D approach)

Cross-covariance impact: [3 x 2pt + GCqp] vs [3 x 2pt] 4+ [GCsp]

Full harmonic approach Full harmonic approach

Scenario: Optimistic Scenario: Pessimistic The increased z-binning is

61 1 GCsp bins meant to account for radial info
. 4 .
- 17 neglected in th_e GC,, 2D-

41 1 e 24 prolectlon
s 40

6X[%] 21 1
04 r -l L _ e | L -l L Forecast settings in the full harmonic approach

GCpn 10 < £ < 3000
Optimistic GCg, 10 < £ < 3000

-2 1 WL 10 < £ < 5000
GCprn 10 <£<750
—4 1 Pessimistic GCg, 10 <£ <750
WL 10 < £ <1500
FOM Qo Qm h ns gy wo  wa FOM Qo Qw h ne  os  wo  Wa
06/Biq 0s/Big

If the full GC, X 2D-probe covariances are well approximated by the computation in the harmonic
domain (eg Joachimi et al. 2021), then their impact would be even more negligible when radial
information, i.e. when 3D-GCsp is not projected to the 2D angular space

@ e Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI)
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6x2pt statistics: lesson learnt
from the 2D angular approach...
Cov 'C\\'lwl Cwlwl Cov 'Cwlwl Cwlph Cov 'Cwlwl Cpllph Cov 'C\vlwl Cwlsp Cov 'Cwlwl Cphsp
Cov 'Cwlph Cwlwl Cov 'Cwlph Cwlph Cov 'C\\'lph Cphph Cov 'Cwlph Cwlsp Cov 'Cwlpll Cplxsp
Cov 'Cphpll Cwlwl Cov 'Cphpll Cwlph Cov 'Cphph Cphph Cov 'Cphph Cwisp Cov 'Cphph Cphsp
Cov = f[Cwlsp wlwl [Cwlsp (wlph [Cwlsp (phph f[Cwlsp wlsp fCcwlsp (phsp
Cov |CMoP,C Cot [P, C Cov |[CV®P C Cov [CVEP, C Cov |[C™*P,C
‘Cphsp Cwlwl 'cphsp Cwlph 'cphsp (phph ‘Cphsp Cwlsp 'cphsp (phsp
Cov (CP™P C Cov [CP™P,.C Cav [CPRP, C Cov’ |CPRC Cov [CPsP C
[Cspsp wlwl 'Cspsp (wlph 'cspsp (phph "Cspsp wlsp 'cspsp (phsp
Cov [CP,C Cov [CP*,C Cov [CP*,C Cov [CP*,C Cov [P, C
...to the 2D+3D hybrid approach
wiwl ~wlwl wlwl ~wlph wiwl phph wiwl wlsp wlwl ~phsp
Cow |€™,C Coy |[C™, C Cov [CY™.C Cov [CY™. C Cov |C™Y.C
wiph c~wlwl wiph ~wlph wlph phph wlph cwlsp wlph phsp
Cay |[C™9%,C Coav |C™7P%,C Cov (C¥FR,C Cov LG Cow |[CFF" €
Cov Cphph C\vl\\'l Cov Cphph Cwlph Cov C[)ll])]l Cphph Cov Cplnph Cwlsp Cov Cphph Cphsp
Cid = 2 A . 5 3

Cov Cwlsp Cw]wl Cov Cwlsp Cwlpll Cov Cwl\-p Cpllpll Cov Cw]\"p C\\'l\"p Cov C\\'l~:p Cplmp
Cay [CPhsp cwlwl Coy [CPhsp Ccwlph Cav (‘ph\p (‘phph Cav (‘])h\]) (‘\\]\]) Cav (‘])h\p (‘plhp
L

Cov Cwlwl. Cspsp
Cov Cwlph. Cspsp
Cov Cphph. Cspsp
Cov Cwlsp_ Cspsp
Cov Cpllsp. Cspsp

Cov [Psp "] Cov [P, CVIPh]  Cov [Pspep, CPEPR]  Cov [PePsp C¥isp]  Cov [Pepsp, Cphsr]

@ Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI)

COV [Cspsp. Cs])sp]
Cav [C™, perep]
Cov [C™IPh pspsp
Cov [CPhph pspsp
Cov [CWisp_pspsp
Cov [CPhsp, pspsp
COV [Pspsp‘ Pspsp]




amplification\

Adding XC(WL, GCsp) only (x10)

Hybrid approach: ref. [3 x 2pt] + [GCsp(Pk)]

Adding XC(GCpp, GCsp) only

Adding both (6 x 2pt)

6x2pt-statistics: impact of cross-correlations with GCg,
(2D+3D hybrid approach)

1T"1°°FF

% difference

i

GCsp bins: 4

Scenario

Il optimistic
B pessimistic

Og Wo Wa

Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI)

Og Wo Wa




6x2pt-statistics: why 2D-3D cross covariances/correlations are
negligible in Euclid?

[GCpnl vs [GCsp]: harmonic domain

2 .
10 Impact of XC w.r.t. independent sum
s GCpp 10 bins GCsp bins: 4 0
E GC, 4 bins Scenario: Optimistic ™
GCsp shot noise reduced
101 M GCqp shot noise normal 2001 -10
=20
300
100 ]
-30
6X[%]
B XC(WL, GCyy) 10 bins
2004 mm XC(WL, GCpyn) 4 bins _a0
) XC(WL, GCsp) shot noise reduced
1071 mmm XC(WL, GCsp) shot noise normal
GC. bins: 4 -50
1004 Scenario: Optimistic
10724 -60
oA
FoM Q Om h ns O wy W, FoM Qo O h ns s o Wa
Oa/Bria

— 2\ pgensio ) o
@ Rans Credits: Luca Paganin (INFN-GE) & Marco Bonici (IASF-MI) INFN Mo 1
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Euclid preparation: 6x2pt analysis of 3D and 2D data in Euclid

Euclid Collaboration: Luca Paganin*, Marco Bonici, Carmelita Carbone, Stefano Camera, Isaac Tutusaus, Davide
Sciotti, Julien Bel, Stefano Davini, Silvano Tosi, Sergio Di Domizio, Gemma Testera, and others! **

(KP-GC-6 paper-4)

« The correlations between WL, GC,;, and GCy, do not affect significantly Euclid
constraints

« Cross-covariances with GCy,
« always almost negligible (as computed by treating GCSp in harmonic domain)
. Cross-correlations XC(GCph, GCSp) and XC(WL, GCSp)

- quite significant only when XC(WL, GC,;) is not considered

« refining tomographic binning of GCSp in harmonic space does not help considerably

Common 2D/3D mocks probably not needed in Euclid:
further computational costs avoided ©




Activity in GC-WP:Likelihood (leads Bel&Carbone)

1) paper-1 “Comparison between different GC likelihood recipes for 2PCF-statistics™ lead Philippe
Baratta (France, CPPM)

2) paper-2 “Comparison between different GC likelihood recipes for P(k)-statistics™ lead Sylvain
Gouyou-Beauchamps (France, CPPM)

3) paper-3 “Methods to speed up the GC likelihood pipeline (including 2pt-emulators), and comparison
with standard techniques for parameter estimation” leads Marco Bonici & Carmelita Carbone (IASF
Milan, Italy)

4) paper-4 “6x2pt analysis of 3D and 2D data in Euclid”. co-leads Luca Paganin & Marco Bonici (Italy,
INFN-GE/INAF-IASF Milan) (collaboration with SPV3/WP:Photo)

5) paper-5 “Estimator and likelihood of the GCph X GCsp™ lead Marco Bonici (Italy, INAF-IASF Milan)
(collaboration with IST:L) (TBD)

6) paper-6 “Construction of the cosmological covariance matrices for galaxy clustering 2pt statistics™. co-
leads: Linda Blot (Germany, MPA, Garching) & Ariel Sanchez (Germany, MPE, Garching)
(collaboration with GC-OULES3)

7) paper-7 “Cross-covariance of spectroscopic and photo-z samples" : lead Julien Bel (France, CPT)



