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ACDM model: great fit but open questions

Dark energy or modified gravity?
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Probing the recent universe through growth of structures

Cosmic Microwave Background Large scale structures

Mi/lenium col/aboration

13 billions years
|

The Dark Energy Survey — Measurements and Analysis — Results




Galaxies are the visible tip of the dark structures in the Universe

‘Galaxies are:

 lensed,

« clustered, i G

Because of the underlying da-rk matter structures
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Weak gravitational lensing and clustering

The Dark Energy Survey



Weak gravitational lensing and clustering

Source galaxies:
Measure shapes and redshift

Lens galaxies:
Measure position and redshift

The Dark Energy Survey



Weak lensing and clustering 2-point correlation functions = 3x2pt
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Cosmology in 3x2pt
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The Dark Energy Survey

SN

"‘ /o DECam at CTIO Blanco-4m )
74 CCDs, 2.2° field of view, 570 Mpixels
o 10% of the sky between 2013 and 2019
optical/near infrared (grizY bands)
\o 690 millions astronomical objects detected/

The Dark Energy Survey — Measurements and Analysis — Results



A collaborative effort
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/o International collaboration \

700+ participants around the world
o Cosmological probes:
= Geometry: supernovae, BAO
" Growth: 3x2pt, galaxy clusters
o 3 cosmological analysis using weak lensing:
Qear 1 done - Year 3 done - Year 6 ongoing /
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In context

Slide by E. Huff
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3 years of observations

G 2013-2019 h e

o 5000 sq. deg., 50% depth > _

o Weak lensing: | ~\
100 millions galaxies and Netr = 5.59 // 1‘ |
gal/arcmin? /| B
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From Jeffrey, Gatti, and the mass map team
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Calibration
Deep fields: set of multi-wavelength images (DECam + VISTA)
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SINGLE EPOCH

Balrog: injections of realistic galaxies to real data to measure DES transfer functions
Everett et al, 2021

DF ugriz nullweight Single-chip  Photometric measurements DF Catalog
images, PSFs, etc. coadd
0 ) O DF source or injection 2 0 O
e © 7N & S %O ( ) : Y3 source
-> Q -> ,' 1 —>
& 1 ." O ® y > ® : Detection
.-
o % 2 ® D : Balrog match
aiiiceast,
11 DF) Balrog Injection J 1 0 0
- Y3,
, g BN
Raw DECam e —> | VN e ol A )y
exposures A '\‘-;" 719
f 0 < | 0|0 & 0
Y3 griz nullweight Injected nullweight Coadd image, Photometric measurements  y3 Object Catalogs 0 1 OO 2 00
images, PSFs, etc. images SExtractor catalog (SOF, Mcal, BFD, etc.)

The Dark bnergy Survey - Measurements and Analysis — Fesilis



Simulations

Image simulations: performance of the shear estimation pipeline
McCrann et al, 2021
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Buzzard: n-body simulations to validate modelling of 3x2pt correlation functions
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Photometric redshift

Redshift distribution | Deep SOM Wide SOM ﬁ m b | hat | on Of 3 re d S h |ft \

characterization:

o SOMPZ

o Clustering redshift

o Shear ratio

- Ensemble of redshift distribution

A

p(zle)——

5 p(ed) . In cosmological analysis, marginalize
(e =palb) = ), Zp(z|c) P How@® 29 - over stretch and shift to mean

ceb
Redshift Deep _ ~ Wide Myles, Alarcon, et al, 2021, Cordero, Harrison, et al,

Balr
o8 2021, Buchs et al, 2021, Gatti et al, 2021, Cawthon
et al, 2021, Giannini et al, in prep
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Source catalog: PSF and shape measurements

PSF modeled across the field of view with PIFF
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Lens catalog: clustering samples

=
o

ﬁMaglim lens sample \

i <18 +4 2,

- 11 million galaxies
Porredon et al., 2021

MagLim n(z)
&
ot
I 111 I I 1 11 I

0.0
s = o Redmagic lens sample
= i red-sequence template fit
% - = 3 million galaxies
§ 02 \Rodriguez-Monroy etal., 2021 J
= i
Q
m -
00 1 ] 1 | I [ | 1 ] ]

0.0 0.5 1.0 1.5 2.0

Measurements and Analysis



Clustering systematics
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Data vector

Cosmic shear
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In redmagic sample: X.ps

/Galaxy-galaxy lensing inconsistent with \

galaxy clustering caused by unknown e

systematics, modeled with X, : & oo 8 vEow H Voo
W (6) = b€, (0 4
’Yij (6) = Xlensbifgm(e) 1.2 =

Qandey et al, 2021 / % F =
L 1 R A N S
< e ’ l}

1 2 3 4 5
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DES Y3 likelihood

For 3x2pt data vector D and parameters p:

L(Dlp) ~ exp ( ~51(D ~ M(p)TC_'(D ~ M(p)

[ [ O

Sampling/MCMC Model of the data vector Covariance matrix
Lemos, Weaverdyck et al, in prep Krause et al, 2021 Friedrich et al, 2021

/Analysis: \

o Avoid confirmation bias
Muir et al, 2020

o Tensions metrics: internal consistency with PPD and external tension with

suspiciousness and parameter difference
\ Doux et al, 2020, Lemos, Raveri et al, 2021 /
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Modeling weak lensing and clustering

Matter power spectrum

Modeling the underlying total

Intrinsic alighment matter distribution

Modeling the correlation of
the alignment of galaxies due
to their gravitational

environment Galaxy bias

Modeling how galaxies trace
the underlying matter
distribution

Measurements and Analysis



Modeling weak lensing and clustering

Matter power spectrum

Halofit
Intrinsic alighment
TATT model: tidal alignment,
torque and z-dependence
= 5 parameters
Galaxy bias

Linear galaxy bias model
= 4 parameters

+ RSD and non-limber
computation for clustering
+ mitigating effect of non-
locality of gg lensing

J

Measurements and Analysis




V't

&+

3x2pt covariance

;I

o

d 8 48 =

ddad4

Cosmolike -

0 4
' 4
b A
£ Ll & &
4 > -
& 4B .4 A J
- >
e '  J i
R R R R
-» ” 3
LRl
-e s RS
"]

R
LA e R NN

sog=4 . a . .
R

-
s, Al _
bt Bl

RN e N
i i " Bl

i E

4.4

M

o
o
1t

1.0

=02

—-0.4

—0.6

—0:8

—-1.0

@variance matrix

o Analytical: Cosmolike
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o Validated on simulations
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Testing limitations of modeling

(Scale cuts \
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"""""""""" Validation tests
Test the impact of mismodeling on constraints from

| | | | cosmic shear, galaxy-galaxy lensing, clustering
0, ' ' ' Amon+ 2021, DeRose+ 2021, Krause+ 2021, Pandey+ 2021,
\Porredon+ 2021, Prat 2021 Secco+ 2021 [DES Y3] J
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o Most powerful constraints
from 3x2pt of same survey
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Impact of X, (unknown systematics) on cosmological results
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Comparison with CMB measurements
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Cosmology from all DES
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L essons learnt

mobust analysis and results \

o Not immune to unknown systematics DES Y3: ACDM-Optimized —

Fixed obs. sys
0.061 Fixed th. sys. (IA & all scales) =
Fixed obs & th. sys.—-

o Important developments on modeling,
calibration, simulations 0.031

=>» Limitations are ‘theoretical systematics’ &
Amon et al, 2021 0.00. /\
o Transparency, communication, collaboration e =
Qave to be central / '
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What's next for the Dark Energy Survey

mer results from DES Y3: \

o Cosmology from clusters
DES collaboration, in prep

o Analysis in harmonic space
Doux et al, in prep

o Non-gaussian statistics in weak lensing: peak statistics and 3rd moments of mass map
Zeurcher et al, Gatti et al, in prep

o Constraints on models beyond ACDM

 Dynamical dark energy, curvature, neutrinos, tests of gravity
DES collaboration, in pep

* Modified gravity constraints
Ferté et al, in prep

&S Y6 ongoing /
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