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Abstract: <p>The Dark Energy Survey (DES) is a five-year, 5000 sqg. deg. observing program using the Dark Energy Camera on the 4m
telescope at CTIO. | will describe the cosmological analysis of large-scale structure in the Universe using 1321 sq. deg. of data taken in the fi
of DES operations. The analysis combines unprecedented measurements of weak gravitational lensing and the clustering of galaxies
redshift range 0.2 to 1.3 to derive the most precise such cosmological constraints to date. These DES results from the low-redshift Unive
consistent with those from the cosmic microwave background (CMB) and support the standard cosmological model, LCDM. In the coming
DES will produce significantly tighter constraints on cosmology through similar and additional analyses using observations over more thar
times the sky-area and more than twice the integrated exposure time per object as these results.</p>
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On large scales, the Universe is described
as a homogenous fluid in expanding space
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Standard Model of cosmology:
Lambda — Cold Dark Matter (LCDM)

1) Matter density parameter Qn
(Baryon density parameter Qy)
(Physical neutrino density parameter Q.h?)
2) Dark energy density parameter Qa
3) Curvature density parameter Qx
4) Hubble constant Ho
5) Scalar spectral index ns
6) Reionization optical depth 1
7) Equation of state of dark energy w = -1 3
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Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
Galaxies, Planets, etc.

380,000 yrs.
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1st Stars
about 400 million yrs.
NASA/WMAP
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Dark Energy
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Afterglow Light ‘ pg—
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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How do we learn &
about dark matter =
and dark energy? §

How do we map

something we  [SSESAE
can’t see...?
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=

cosmic shear™
. galaxy clustering
~ galaxy clusters

| “late-time structure”

/CMB
 BAO

sensitive to growth of structure

. “expansion history”

o

sensitive to expansion
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. - Current DES
cosmic shear N\ i
galaxy clustering combines these

- galaxy clusters probes

| “late-time structure”

/|CMB | ——\ | TheCMB has thus
 BAC far been by far

the most powerful
' cosmological probe

sensitive to growth of structure

. “expansion history”

.

sensitive to expansion

8

Pirsa: 17110049 Page 9/56



1) Galaxy clustering:
Galaxies tend to form where there is dark matter

25 [Mpe/h)
L e

Construct a power spectrum (or real-space correlation function) from positions.
Immensely successful for decades.

Limited by an unknown galaxy bias (how well galaxies really trace dark matter).

9
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2) Weak Gravitational Lensing (cosmic shear):
Galames are lensed by dark matter

S. Colombi / IAP
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J. Williamson, Journal of Young Investigators

Construct a power spectrum (or two real-space correlation functions) from spin-2 ellipticity.
Only first measured around 2000, and precision measurements only now.

No galaxy bias...but intrinsic alignment - galaxies aren’t spheres.
10
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2) Weak Gravitational Lensing (cosmic shear):
Galaxies are lensed by dark matter

S. Colombi / IAP

Galaxy Cluster SDSSJ1050+-0017
T Subaru'Suprime-cam (gri)
e .

Construct a power spectrum (or two real-space correlation functions) from spin-2 ellipticity.
Only first measured around 2000, and precision measurements only now.

No galaxy bias...but intrinsic alignment - galaxies aren’t spheres.
il
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Dark Matter

l‘l3x2ptll‘

2) Cosmic shear

1) Galaxy clustering

Combination of these three probes maximizes use of large-scale structure information
and jointly and robustly constrains astrophysical and systematic parameters in the analysis

12
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The Dark Energy Survey

- Nominal 5 year, 5000 deg? survey to 24th mag (approx. 10 visits) 48V
- DECam: a 570 Mpix camera mounted on 4m Blanco Telescope
- Approx. 3 deg? field-of-view

- Observing in grizY filters

- Beginning analysis of 1st 3 years of data — final observing year
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=

cosmic shear

galaxy clusters

| “late-time structure”

Dark Energy Survey

/CMB

sensitive to growth of structure

“expansion history”

.

sensitive to expansion
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] DES (planned 5 yrs)

DES OBSERVING STRATEGY

DES (SV) B DES (Y1) T
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DES (SN fields)
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Shape Measurement

Galaxies: Intrinsic galaxy shapes to measured image: Bridle et al. 2008
Intrinsic galaxy Gravitaional lensing  Atmosphere and telescope Detectors measure Image also
(shape unknown) causes a shear (g) cause a convolution a pixelated image contains noise

Stars: Point sources to star images:

. >.-)‘.->

Intrinsic star Atmosphere and telescope  Detectors measure Image also
(point source) cause a convolution a pixelated image contains noise
19
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Shape Measurement

Image Credit: Erin Sheldon

Pirsa: 17110049 Page 21/56




Pirsa: 17110049 Page 22/56




Pirsa: 17110049

Galaxies: Intrins’ 2

Intrinsic galaxy
(shape unknown)

Stars: Point sou

Intrinsic star
(point source)

Shape Measurement

Image

Model

0 50 100 150 200

22

Page 23/56



Shape Measurement

Caption:

The struggle to create a shape catalog worthy of
cosmic shear measurements...

Featuring key contributors to the DES Y1 Key
cosmology effort at a recent shape measurement
workshop.

“Everything you might think to do (or not do) will
impart a shear selection bias. You will never
discover it until months later.” — A wise weak
lenser

23 <——- To.cosmology
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Dark Energy Survey Year 1 Shape catalogs

Two fully independently calibrated and very different shape measurement methods
produce complementary catalogs over 1500 sq. deg. (Zuntz et al. 2017)

Metacalibration - Sheldon et al 2017
34.8M galaxies
Factors of 2 (4) in number (area) of objects from next-best cosmic shear catalog
riz-band shape measurement
Calibration performed by directly measuring the shear response and selection
bias galaxy-by-galaxy (create 5 versions of all catalogs and measurements)

Im3shape - Zuntz et al 2013 (unchanged from DES SV)
21.9M galaxies
r-band shape measurement
Calibrated by redesigned, state-of-the-art image simulations

These catalogs are ground-breaking... Not just in size, but in quality - precision of bias
corrections in metacalibration shears is unprecedented, and tests indicate it can perform at
levels required for Stage IV surveys in the coming decade.

24
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Dark Energy Survey Year 1 Results

First cosmology constraints from main survey: large-scale structure combination of galaxy
clustering and weak lensing

Shapes of 26M galaxies were used for cosmology over 1321 deg?
Factor of two larger shape catalog than current best competing cosmic shear meas.
Two independent shape measurement pipelines and calibration strategies

600k red-sequence galaxies used for clustering, chosen for precise redshift constraints

i T T

Lenses
- redMaGiC

—

—

Normalized counts
- W

Sources
= METACALIBRATION
1y = = IM3SHAPE

Normalized counts

0 e e "
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Redshift
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Map of dark matter (convergence) — Chang et al. arXiv:1708.01535
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Dark Energy
Survey Year 1
Cosmology
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S. Colombi / IAP
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Dark Energy Survey Year 1 Results

Primary cosmological analysis combining 1) galaxy clustering, 2) cosmic shear,
and 3) galaxy-galaxy lensing to probe large-scale structure of the Universe

Most significant detection of cosmic shear in a galaxy survey to date — 27
sigma (compare to 10 in Science Verification measurement)
Two-stage blinding

Catalog-level blinding unknown to anyone

Blinding of all individual results (e.g., cosmological parameter values)
Redundant and independent components of core analysis:

Two shape measurement pipelines and calibration strategies

Two redshift calibration methods

Two analysis pipelines (theory & parameter sampling)

Two parameter sampling methods

A set of @ 13 papers (~250 300+ pages of results) released in Aug. + more to

come.
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