s 4 k oy CredifiNASA

Tk ”
u-,
da

Theory ond hkehhoo

r

.\/I\

& ey le)le P ®
. ‘. £ .b !s ‘-’.1

LD } sgac Tutusaus fooa ool

2 ‘-' . - .. isaaC, ’ru’rusoqs@mp omp. eu”’ .

' . ‘ & .'. ?°. . . et - | - .
UNIVERSITE gl P - -
TOULOUSE Il B e -
PAUL SABATIER Yiese I . 3
rophysique & plar = . : : /


mailto:isaac.tutusaus@irap.omp.eu

Contents

Intfroduction

Likelihood

Theory

Conclusions

I. Tutusaus ‘ 28th November 2022




Introduction

Euclid will measure the shape and redshift of millions of galaxies up

to redshift ~2:

3
Q [Credit: ESA]



Introduction

The survey will allow us to consider several cosmological probes:

Phot. clustering (GCp)
1.5 x 10%gal.
z € [0,2.5]

Weak lensing (WL)
1.5 x 10°gal.
z € [0,2.5]

Euclid

The Euclid Mission: baseline and options

Wavelength range 550900 nm Y\:‘)!()- J(JA46-1372 | H(1372- | 1100-2000 nm
1 M6nm), m) 2000nm)
Sensitivity 24.5 mag 24\mag 24 mag 24 mag 310™ erg cm-24°
100 extended source | Salpoj 56 point 56 point 3.56 ungesOlved line
sotfce Seue source .
@loq of n=1.5x10° ;:TEM—B msno' galaxies
Detector 36 arrays 16 arays ——
Technology 4kx4k CCD 2kx2k NIR sensitive HgCdTe detectors
Pixel Size 0.1 arcsec 0.3 arcsec 0.3 arcsec
Spectral resolution R=250

Possibility other surveys: SN and/or p-lens surveys, Milky Way ?

Consortium
\ SURVEYS _In ~5.5 years /
Area (deg2) | Description /
Wide Survey 15,000 de* Step and stare with 4 dither pointings [V( .
; Spec. clustering (GCs
Deep Survey 40 deg? \ In at least 2 patches of > 10 geg” p 7 g ( )
2 magnitudes deeper than wide survey 5 X ]_0 gal.
Tel \\*Pr? h, 3 mi A5 € 10.9.1.8
elescope 1.2 m Korsch, 3 mirror anastigmat, f-24.5 m YA [ . . ]

Instrument VIS \ ) )
Field-of-View 0.787x0.709 deg’ | | 0.76320.722 deg’
Capability Visual Imaging \ NIR lmagianclry NIR Spectroscopy

Ref: Euclid RB arXiv:11103193
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Introduction

With Euclid we wiill;
e Constrain dark energy
e Constrain dark matter
e Test the theory of gravity at cosmological scales

But in order to perform the analyses we need a theory model to
compute our predictions and a likelihood to compare the

measurements against the predictions

Q |. Tutusaus ‘ 28th November 2022
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Likelihood

Main goal: Implement the Euclid likelihood for:
e Spectroscopic galaxy clustering (BAO+RSDs)
* Photometric galaxy clustering
* Weak lensing
e Cross-correlations (galaxy-galaxy lensing)

e Additional probes

e Extended models

I. Tutusaus ‘ 28th November 2022




Likelihood

| | From Euclid Data

if . T ]

)i 3x2pt (pseudo Cl and/or 2pt CFs)

! GCsp (Legendre multipoles and/or 2pt CFs)
i‘_ A 3x2pt systematics (photo - z, shear, etc.)

: GCsp systematics (purity, completeness, etc.)
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Likelihood

Main goal: Implement the Euclid likelihood

Inter-Science Working Groups Task-forces:

e Likelihood (IST:L). Leads: V. Cardone, S. Joudaki, V. Pettorino (A.

Sdnchez) + ~20 members (more than 20% FTE)

* Nonlinear (IST:NL). Leads: M. Crocce, C. Giocoli, A. Pourtsidou + ~20

members (more than 20% FTE)

Q |. Tutusaus ‘ 28th November 2022
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Likelihood

IST:L first steps:

* Agreed on a first minimal recipe for the primary probes with the Science Working

Groups contact points
* Defined a data model and use cases
* Discussed available CosmoBoxes and selected Cobaya (CosmoSIS)

» Adoption of workflow with AGILE management concepts + Slack for everyday

interactions
* Implemented development guidelines

» Code training for the group members: Continuous integration, APl documentation,

git development guidelines

I. Tutusaus ‘ 28th November 2022




Euc

Likelihood

raft of COSMOBOX general architectur

INPUT: NON LINEAR CORRECTIONS USER OPTIONS
Saurco Data Strucure Source Data Stcture
[15TaL " [rons - | [usen "
inear matter power spectrum |array (foan)
ISTNL | bins model cptons usen
i foctor s fucton of 2 anc ey (fout)
ot v ISTNL USER
[ T———— aray Goay
isTAL P USER | St peoranges s valos (o)
avtatons poentas ey (roa)
ISTNL | baryonic ondback usen
oy potena o ensing) aray tom)
. SWG W | i Asgrmons aray oy
IST:L first steps: h
° © INPUT PROCESSING
Source
USER OPTIONS ‘Aoples (o ) Non inear corrctions o Cosmology
USER OPTIONS Aples (o o) he desiod cut i recsnt
{usenopmions Agptes (or ) he desied cut i scaies

e Defined a data model

INPUT: EUCLID SURVEY SPECIFICATIONS
Cannot be modified by the USER Data Structure

sourcn recehit dstrbuton (dnned n2) aray (Toa)

Spactioscopc redshit ay (foan

and use cases: =

ISTL | shoar - shear G accorang o a nworsl r0099) aray roat OUSSHE | angulr scaies 1. gl vaies (ost)
1sTL array (foat) ? angular scales GCph ‘single vakes (floats)
ISTL | 1A+ InCH (accorting to e 1A i) aray(ow) OULSHE | Prossgason of snsr catbason uncorinios 7 |7

ISTL (GCph Cij (according to a uriversal fecipe) anay (foat) .

ISTL | Logencra mitgoesin Fourr nd conuraton space aray fom)

EUCLID DATA

. . 1STL ‘WL observadles (pseudo - Cl, 2PCF, COSEBIs, etc.) array (foat) Source ‘Cannot be modified by the USER
. ISTL | GCsh ooservadies (pseudo - G, 2°CF, COSEBIs, otc) aray (toat) oULEs i vector or WL areyttonn
- DM illustrates input, = fmmmeee— | - — |
? Oar probe coasrvmties? ] » data voctor lor GCsp araytost
l » covaince maixfor GCsp araytion)
. Source 2 data vector for WL x GCsp armay(fioat)
-I- -I- -I- f swoac oo econ o G0 S P, areronn
output, interfaces el B e
SwewL Apply recipe for WL ? ‘covariance matrix for WL x GCph. array(foat)

- Use cases: how is the s e——

-
= o
ISTL Population Monte Carlo (e.g., CosmoPMC)
INPUT (ACCESSIBLE TO USER)
user suppose O use wr vor o o usen
et
PERFORMS CALCULATION
'SOURCES LEGEND ‘
-
| Source 8C Botzmann oode
ISTL Evalator in one point TEXT LEGEND
e code? e
ISTL Bayesian posterior distributions Uneloar, necds fo bo dacussed

POST-PROCESSING
IsTL Producs ouput
1STL Parametor consraints
IsTL Mogel comparison tools
10 [
|
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Likelihood
IST:L first steps:

 Discussed available CosmoBoxes and selected Cobaya (CosmoSIS)

Default Other samplers = Analysis
Samplers available tools

Main developer Used in Contacts
in Euclid collaborations within Euclid

Language CAMB+CLASS  Modularity  Maintainance

Postprocessing

G. Canas Herrera ?
Cobaya python 3/5 5/5 GetDist Simons Observatory M. Martinelli
| |
S. Joudaki
CosmoMC fortran x v 9 2/5 v 4/5 GetDist Planck M. Martinelli
. -
C++ f?
CosmoSIS fortran v v 0 3/5 5/5 internal/GetDist DES I. Tutusaus
python =
M. Archidiacono
MontePython python 0 v 2/5 4/5 internal/GetDist Planck S. Clesse
J. Lesgourgues n
Samplers: Analysis tools: Modularity: Maintainance:
. ) how much the code needs to be guaranteed updates of the code, including
1. Metropolis-Hastings 1. Minimizer modified when adding a new likelihood. addition of new data
2. Nested Sampling 2. Evaluator in one point
3. MCMC hammer 3. Bayesian Evidence 0 High 0 High
4. Population MonteCarlo 4. Bayesian posterior
5. Oversampling of 5. Produces output chains

nuisance parameters
Average

o -

0 \
Observatoire
[
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Likelihood

IST:L workflow with AGILE management:
e Gitlab, taskboard, scrum master and team development
» A specific (small) development task emerges

* IST:L leads assign it to a development team and add it on the

taskboard
— [%_ @ S x =
5= N &, nEID[II]
Scrum Master Developer(s) Reviewer(s) GC WL Theory Nonlinear

Expert Expert Expert Expert

e Team members periodically rotate.

* Allmembers encouraged to contribute to the whole project

/ \ I. Tutusaus ‘ 28th November 2022
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Likelihood

How are the likelihood recipes decided:

* The likelihood work package of the different Science Working
Groups test different recipes and identify the one(s) that should

be used with real data.

 IST:L implements the chosen recipes through the creation of small

tasks (AGILE management).

o |ST:L uses existing codes for testing, but all the code adapted/
merged/improved in the official likelihood follows the

development guidelines (high standard).

Q |. Tutusaus ‘ 28th November 2022
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Likelihood

(14)

Euclid likelihood:

COSMOLOGY
LIKELIHOOD

OBSERVABLES
EUCLID

' [Credit: V. Cardone]

code in modular blocks
individuate what is needed
input from SWGs and OUs

connection with IST:NL
interface with SWGs codes

3x2pt PseudoCl
3x2pt 2PCF
3x2pt COSEBIs
GCsp Legendre multipoles
GCsp 2PCF

observables to consider
from theory to observables
include systematics
input quantities
output quantities

covariance matrix
Gaussian vs non Gaussian
priors and scale cuts
sampling
additional cosmoligical probes

|. Tutusaus 28th November 2022




Likelihood

CLOE v1.0:

 Internally released on May 2021 (not yet to be used for scientific

papers or tests of scale cuts and models)

* Probes: spectroscopic and photometric GC, WL, and GGL

(Legendre multipoles and harmonic space power spectra)
e Gaussian likelihood with Gaussian covariance
e Linear matter power spectrum

e No systematic uncertainties

Q |. Tutusaus ‘ 28th November 2022
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Likelihood

CLOE v1.1:

* New user interface: Through executables and command lines or

yaml configuration files
* Masking vector: Observables and scale cuts to consider
* Speed and documentation improvement and bug fixing

e Interface with IST:NL in place

Q |. Tutusaus ‘ 28th November 2022
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Likelihood

CLOE v2.0 (to be released and used for scientific papers):
e Updates recipes:
- Magnification bias (GCph and GGL)
- Linear RSD (GCph and GGL)
- Non flat models
- Different n(z) for source and lens samples
- Multiplicative shear and photometric redshift uncertainties

- Nonlinear matter power spectrum (IST:NL)

Q |. Tutusaus ‘ 28th November 2022
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Likelihood

CLOE v2.0 (to be released and used for scientific papers):
* More realistic observables:
- 2PCF for 3x2pt
- Pseudo-Cl's for harmonic space analysis
- 2PCF for spectroscopic GC
- BNT transform to remove small scales
- Scale cuts (IST:NL)

- Gaussian + Super Sample Covariance

Q |. Tutusaus ‘ 28th November 2022
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Likelihood

IST:NL:

e Using wrong or incomplete models will bias our results!

Planck+Euclid WLE £max = 5000

o Halofit
I HMCode

0.80¢

d

(o

N\ 7

0.78¢

Planck+Euclid WL}/ max = 1500

[ Halofit
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N\
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Likelihood

IST:NL (CLOE v2.0):

e Perturbation theory for spectroscopic GC: 1-loop PT with counter

terms (FAST-PT)

* Nonlinear matter power spectrum / emulators for photometric

probes: Halofit, HMCode, BACCO, Euclid Emulator 2
e Baryonic modeling / emulators: BACCO, BCEmu, HMCode
e Intrinsic alignments: NLA, TATT, Halo model

e 3x2pt theory covariance: Gaussian+SSC (PySSC)

Q |. Tutusaus ‘ 28th November 2022
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Theory

Main goal: Test beyond LCDM

e Prepare beyond-standard analysis; select and study beyond-

standard models
e Provide vision for new interesting models and probes
e Support Science Working Groups and IST:L/IST:NL for theory

e | eads: F. Finelli, M. Kunz, V. Pettorino, A. Silvestri

Q |. Tutusaus ‘ 28th November 2022
21




Theory

Structure: work packages
e Dark energy and modified gravity
e Dark matter
e |Initial conditions
e Homogeneity and isotropy

* Extended forecasts

* Nonlinearities

e Relativistic effects
e Likelihood

e Additional probes

e Simulations

I. Tutusaus ‘ 28th November 2022
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Theory

Structure: key projects

e Forecasts for beyond standard models in cosmology and

fundamental physics (Y. Akrami, S. Casas, A. Silvestri)
e Relaftivistic effects (D. Bertacca, F. Lepori)
 Simulations and nonlinearities beyond LCDM (M. Baldi, F. Vernizzi)

» ~15 scientific pre-launch papers planned

@ |. Tutusaus ‘ 28th November 2022




Theory

Example: Euclid will constrain scale-independent modified-gravity models:

» Jordan-Brans-Dicke, Dvali-Gabadadze-Porrati, K-Mouflage:

1

GCsp-Opt-JBD1
WL+XC+GCph-Opt-JBD1
GCsp+WL+XC+GCph-Opt-JBD1
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Theory

Example: Magnification effects cannot be neglected for GCph and GGL:
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Conclusions

Two Inter-Science Working Groups Task-forces have been created to develop

the official Euclid likelihood (IST:L) accounting for nonlinearities (IST:NL)

* The first version of the code CLOE ready to be used for scientific results will
soon be released. Further improvements are expected before the analysis

of real data

The theory science working group has been established to define the
extended models to be tested and support the other groups and IST:L/IST:NL to

properly perform the analysis beyond LCDM

* Multiple extensions beyond LCDM are being considered: dark energy and
modified gravity, dark matter, initial conditions, homogeneity and isotropy,

relativistic effects
@ |. Tutusaus ‘ 28th November 2022




