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• Fitting as much DE probes as possible into one experiment:
• Baryon Acoustic Oscillation
• Supernovae Type Ia
• Large-scale Structure
• Weak Lensing
• Galaxy Clusters
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The Dark Energy Survey

“Standard rulers”

“Standard candles”

Geometry tests
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The Dark Energy Survey

Structure growth tests

• Fitting as much DE probes as possible into one experiment:
• Baryon Acoustic Oscillation
• Supernovae Type Ia
• Large-scale Structure
• Weak Lensing
• Galaxy Clusters



The Dark Energy Survey

DES is an ongoing imaging survey using the 
Dark Energy Camera on the Blanco telescope

5 filter bands (grizY), 3 sq. deg FOV 

5 years (2013-2018), 5000 sq. degrees, i~24

~250 sq. deg Science Verification (SV)
~1500 sq. deg Year 1 

~5000 sq. deg Year 3+ 

Image credit: DES
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The Dark Energy Survey
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over 500 scientists from 30 institutions in 7 countries
~100 papers submitted/published

2016 DES Collaboration Meeting @ Cambridge



Y1 Cosmology: Probe Combination
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Y1 Cosmology: 3x2pt
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Y1 Cosmology: 5(6)x2pt
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Catalogs to Science 
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• Base (Drlica-Wagner et al., in prep)

• Photo-z (Hoyle et al., in prep)

• Shear (Zuntz et al., in prep)

• MetaCalibration 

(Sheldon & Huff 2017)

• 34.8 M galaxies
• Im3shape (Zuntz et al. 2013)

• 21.9 M galaxies

The DES Year-One Weak Lensing Shear Catalogues 5

10 DES supernova search fields and 2 (??) further fields with deep
spectroscopic survey data available from the literature.

In comparison to the SV shear catalogs described by J16, the
main areas of the Y1 shear catalog cover a much larger area (1500
?? vs 140 deg2) but with a lower integrated exposure time (up to
4 ⇥ 90 s exposures in griz vs 10 ⇥ 90 s nominal in SV). The
quality of the Y1 imaging is superior to that taken in SV in several
respects:

• The telescope tracking servos exhibited oscillations in right
ascension during most of the SV period, leading to more elliptical
and less stable point-spread functions (PSFs). This was fully reme-
died for Y1.
• More rigorous assessment of image quality was in place for

Y1, and exposures failing to meet certain thresholds for seeing,
cloud extinction, and sky brightness were rejected after each night’s
observing and placed back onto the observing queue.
• The feedback system using out-of-focus stellar images to

maintain focus and alignment of the camera (Roodman et al. 2014)
was improved substantially by the start of Y1, further stabilizing
PSF quality.
• Thermal control of the Blanco mirror and dome was improved

over the SV–Y1 period as well.
• Improved baffling of the filters reduced the incidence of stray-

light contamination, and improvements in software identification
of image artifacts also reduced the number of spurious features in
the images.
• The SV observing sequences concentrated most of the obser-

vations of a given part of the sky into a small number of nights.
By Y1 we had adopted a Wide-survey scheduler which penalizes
repeat coverage in a given filter on a given night. This decorrelates
weather variation from the sky coordinates and leads to more uni-
form survey quality.

MAT: Don’t say backward?

One backward step in camera performance is that one of the 62
CCDs in the DECam science array failed on 30 Nov 2013, and
hence most of the Y1 data has one less usable CCD’s worth of data
per exposure.

2.2 Object Catalog

The initial selection of galaxies on which shape measurement was
performed is detailed in DES Collaboration (2017), and the selec-
tion described therein is denoted the GOLD catalogue. The image
reduction, photmetric calibration, detection from coadded images,
and star-galaxy separation applied
MAT: We don’t enforce the modest S-G separation on metacal, right?
you say this later, but here it reads that they’re applied to the shape
catalogs

to the catalogues are described in that paper. The full region
the catalogue covers is shown in Figure 2, though our cosmological
analyses will use only the contiguous SPT region.
MAT: I don’t really like ’SPT region’ - its a DES region. Can we
modify this throughout to be something like ’southern region that
overlaps the SPT survey’ or otherwise just remove SPT?

2.3 Galaxy Selection

Galaxies are distinguished from stars in GOLD using a
classifier called MODEST, which is based on the SEX-
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Figure 2. The DES Y1 shear catalog footprint with galaxy density of the
METACALIBRATION catalog shown with the official 5-year DES footprint
outline overlayed. IM3SHAPE is qualitatively similar, but shallower. We de-
fine three fields: 1) The large, southern field overlapping with SPT, which
has been selected for DES-Y1 science applications due to contiguity; for
this reason all the tests described in this paper have been run on the SPT
region only. 2) The long equatorial strip overlapping with SDSS Stripe 82.
3) The disjoint supernovae and spectroscopic-overlap fields, which have
been selected from the 4 exposure depth (D04) gold catalog. Not shown
is the VVDS-10h field with approximately 140k objects near ra=151 deg,
included in the D04 designation.
MAT: We decided to do tests on full catalog including S82 and D04.
Is this still the case? Should remove statement about limiting to SPT
field then.

TRACTOR SPREAD_MODEL variable, which discriminates be-
tween objects best-fit as a point source and as an extended object.
In this paper the IM3SHAPE selection cuts made use of MODEST.
The METACALIBRATION catalogue and the PSF star selection used
alternative criteria.

2.4 Astrometry

Lead writer: Para coming from Robert Gruendl

2.5 Blinding

The DES-Y1 shear catalogs are blinded to mitigate experimenter
bias, in which analysis methodology is subconsciously or otherwise
tuned so that results match expectations. The
MAT: are->were?

blinded catalog has all ellipticties in the catalogs transformed
via |⌘| = 2 arctanh |e| ! f |⌘|, with a hidden value 0.9 < f <
1.1. This mapping preserves the confinement of the e values to
the unit disc while rescaling all inferred shears. DES cosmologi-
cal analyses making use of these catalogues finalized their analysis
methodology before being supplied with the unblinded catalogs.
Cosmological parameter estimation for these projects incorporate
further blinding strategies as described in their respective papers.

MNRAS 000, 1–37 (2015)

Zuntz et al. (in prep)
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Figure 1. (Top panel): Redshift distributions of redMaGiC lens

galaxies divided in tomographic bins (colors) and for the combi-
nation of all of them (black). The N(z) are obtained stacking in-

dividual Gaussian distributions for each galaxy. (Bottom panel):

The same, but for our two weak lensing source samples Meta-

calibration and im3shape, using the BPZ photometric redshift

code.

applied to any shear estimation code provided it fulfils cer-
tain requirements. For this work, it has been applied to the
ngmix shear pipeline (Sheldon 2014), which fits simultane-
ously in the riz bands an exponential disk model to measure
the ellipticities of the galaxies. The details of this implemen-
tation can be found in Sheldon & Hu↵ (2017). We will refer
to the ngmix shear catalog calibrated using that procedure
as ngmix Metacalibration.

im3shape is based on the algorithm by Zuntz et al.
(2013), modified according to Jarvis et al. (2016) and Zuntz
et al. (2017). It performs a maximum likelihood fit using a
bulge-or-disk galaxy model to estimate the ellipticity of a
galaxy, i.e. it fits de Vaucouleurs bulge and exponential disk
components to galaxy images in the r band.

Our source sample is split into four tomographic bins
between z = 0.2 and z = 1.3, whose redshift distributions
are shown in Fig. 1, for both shear catalogs.

2.3 Photometric redshifts

Describe photometric redshifts for the source sample.

2.4 Lognormal simulations

Describe lognormal simulations. Lead writers: Lucas and
Nickolas.

3 MEASUREMENT AND COVARIANCE

Galaxy-galaxy lensing is the measurement of the tangen-
tial shear of background (source) galaxies around foreground
(lens) galaxies. The amount of distortion in the shape of

source galaxies is correlated with the amount of mass causing
the light to curve. Thus, assuming an axisymmetric density
profile, the tangential shear is related to the excess surface
mass density �⌃ as

�t =
�⌃
⌃

crit

, (1)

where the lensing strength is a geometrical factor that de-
pends on the angular diameter distance to the lens D

l

, the
source D

s

and the relative distance between them D
ls

:

⌃�1

crit

(z
l

, z
s

) =
4⇡G
c2

D
ls

D
l

D
s

, (2)

with ⌃�1

crit

(zl, zs) = 0 for zs < zl, and where zl and zs are
the lens and source galaxy redshifts, respectively. We need
to assume a certain cosmology (flat ⇤CDM with ⌦m = 0.3)
when calculating the angular diameter distances in ⌃�1

crit

.
The results presented in this analysis do not depend on this
choice of cosmology, as we will further discuss in the relevant
sections.

3.1 Measurement methodology

In this work we perform the two-point galaxy-galaxy lensing
measurements corresponding to DES Year 1 observations. A
series of companion papers present both the other two-point
functions of galaxies and shear on the same data sample
as well as the associated cosmological parameter constraints
from the combination of all these two-point function mea-
surements.

Next we describe the details in the measurement of the
tangential shear �t, which we show in Fig. 2 for the two shear
catalogs used in this paper. Similarly, we can also define
the cross-component of the shear �⇥, which is a useful test
of possible systematic errors in the measurement as it is
not produced by gravitational lensing and it is shown in
Fig. 6 (see Sec. 4.1). For a given lens-source galaxy pair j
we define the tangential (✏t) and cross (✏⇥) components of
the ellipticity as

✏t,j = �Re
h
✏je

�2i�j

i
, ✏⇥,j = �Im

h
✏je

�2i�j

i
, (3)

where ✏j = ✏
1,j + i ✏

2,j , with ✏
1,j and ✏

2,j being the two
components of shear measured with respect to a Cartesian
coordinate system centered on the lens, and �j being the
position angle of the source galaxy with respect to the hor-
izontal axis of the Cartesian coordinate system. Averaging
the ellipticity measurements for each component over many
such lens-source pairs we can obtain the weak lensing shear
�, since the intrinsic ellipticities of individual source galaxies
cancel out assuming they are randomly aligned (see ? for a
discussion on intrinsic alignments?):

�↵ (✓) =

P
j !j✏↵,jP

j !j
, (4)

where ↵ denotes the two possible components of the shear
from (3) and wj = w

l

w
s

w
e

is a weight associated to each
lens-source pair, which will depend on the lens sample (w

l

),
on the choice of shear catalog (w

s

, see 3.1.1 & 3.1.2) and es-
timator (w

e

, see 3.2). Also, in practice, these estimates need
to be corrected for shear responsivity (in the case of ng-

mix Metacalibration shears, 3.1.1) or multiplicative and
additive bias (in the case of im3shape, 3.1.2). In this work,

MNRAS 000, 1–10 (2015)
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Cosmic Shear (𝜸𝜸)
4 The DES Collaboration
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Figure 2. The measured shear correlation functions ⇠± for the DES Y1 METACAL catalog. ⇠± (alternating rows) is measured in four tomographic bins
spanning the redshift ranges listed in Table 1, with labels for each bin combination in the upper left corner of each ⇠

+

panel. The assignment of galaxies to
tomographic bins is discussed in Sec. 2.2. Scales which are not used in the fiducial analysis are shaded (see Sec. 8.1). The solid line is the prediction by the
fiducial ⇤CDM cosmological parameter constraints. change +/- to ± in figure axis label

axes and values suppressed was performed to confirm that they pro-
duced consistent results after their development was complete and
before finalizing the shear priors. The results of this test were ac-
ceptable, and no modification to the shape catalogs or priors were
necessary. All measurement, processing, and plotting routines were
tested on either measurements of the Buzzard mock catalog or syn-
thetic data vectors before use on the DES data.

5 ESTIMATING AND VALIDATING THE COVARIANCE
MATRIX

Contributing: Oliver/Tim

6 COSMOLOGICAL PARAMETER CONSTRAINTS

We present the first cosmological parameter constraints from cos-
mic shear using data from regular survey operations. The first cos-
mological constraints from the Dark Energy Survey were the result
of an analysis of cosmic shear with data from the DES Science Ver-
ification (SV) observing period in ??. This was followed by param-
eter constraints from weak lensing peak statistics in ? and from the
combination of galaxy-galaxy lensing and galaxy clustering in ?.
The DES Y1 analysis described in this work is part of a larger joint
analysis of cosmic shear, galaxy-galaxy lensing, and galaxy clus-
tering in ?, and shares most components of the analysis pipelines.

We perform likelihood evaluation using the cosmic shear mea-
surements described in Sec. 4, the redshift distributions described
in Sec. 2.2, and the covariance matrix described in Sec. 5. Re-
sults are derived via two pipelines: COSMOLIKE and COSMOSIS.
These pipelines were validated against each other and through an
analysis by ? of the Buzzard simulation described in Sec. 3. To

c� 2015 RAS, MNRAS 000, 1–12

Troxel et al. (in prep)
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Elvin-Poole et al. (in prep)

Galaxy Clustering (𝑁𝑁)
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Galaxy-Galaxy Lensing (𝑁𝜸)4

10 100

� [arcmin]

� t
(
�)

0.15 < zl < 0.30

redMaGiC HiDens
0.15 < zl < 0.30

redMaGiC HiDens
0.15 < zl < 0.30

redMaGiC HiDens
0.15 < zl < 0.30

redMaGiC HiDens

10 100

� [arcmin]

0.30 < zl < 0.45
redMaGiC HiDens

0.30 < zl < 0.45
redMaGiC HiDens

0.30 < zl < 0.45
redMaGiC HiDens

0.30 < zl < 0.45
redMaGiC HiDens

10 100

� [arcmin]

0.45 < zl < 0.60

redMaGiC HiDens
0.45 < zl < 0.60

redMaGiC HiDens
0.45 < zl < 0.60

redMaGiC HiDens
0.45 < zl < 0.60

redMaGiC HiDens

10 100

� [arcmin]

� t
(
�)

0.60 < zl < 0.75

redMaGiC HiLum
0.60 < zl < 0.75

redMaGiC HiLum
0.60 < zl < 0.75

redMaGiC HiLum
0.60 < zl < 0.75

redMaGiC HiLum

10 100

� [arcmin]

0.75 < zl < 0.90
redMaGiC HigherLum

0.75 < zl < 0.90
redMaGiC HigherLum

0.75 < zl < 0.90
redMaGiC HigherLum

0.75 < zl < 0.90
redMaGiC HigherLum

IM3SHAPE

10 100

� [arcmin]

� t
(
�)

0.15 < zl < 0.30

redMaGiC HiDens
0.15 < zl < 0.30

redMaGiC HiDens
0.15 < zl < 0.30

redMaGiC HiDens
0.15 < zl < 0.30

redMaGiC HiDens

0.20 < zs < 0.43

0.43 < zs < 0.63

0.63 < zs < 0.90

0.90 < zs < 1.30

10 100

� [arcmin]

0.30 < zl < 0.45
redMaGiC HiDens

0.30 < zl < 0.45
redMaGiC HiDens

0.30 < zl < 0.45
redMaGiC HiDens

0.30 < zl < 0.45
redMaGiC HiDens

10 100

� [arcmin]

0.45 < zl < 0.60

redMaGiC HiDens
0.45 < zl < 0.60

redMaGiC HiDens
0.45 < zl < 0.60

redMaGiC HiDens
0.45 < zl < 0.60

redMaGiC HiDens

10 100

� [arcmin]

� t
(
�)

0.60 < zl < 0.75

redMaGiC HiLum
0.60 < zl < 0.75

redMaGiC HiLum
0.60 < zl < 0.75

redMaGiC HiLum
0.60 < zl < 0.75

redMaGiC HiLum

10 100

� [arcmin]

0.75 < zl < 0.90
redMaGiC HigherLum

0.75 < zl < 0.90
redMaGiC HigherLum

0.75 < zl < 0.90
redMaGiC HigherLum

0.75 < zl < 0.90
redMaGiC HigherLum

METACALIBRATION

Figure 2. Tangential shear measurement for Ngmix Metacalibration and im3shape.
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Y1 (Blinded) Cosmology
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DES Y1: Cosmological Constraints from Cosmic Shear 13
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Figure 6. Fiducial constraints on the matter density ⌦m and the matter
fluctuation amplitude �

8

(top) or S8 (bottom) in ⇤CDM. The DES Y1 cos-
mic shear constraints are shown by the grey filled contours, Planck TT +
lowP constraints by the filled green contours, and cosmic shear constraints
from DES SV and KiDS 450 cosmic shear constraints by unfilled blue and
red contours, respectively. We use the DES SV and KiDS 450 data vector,
n(z), and covariance to marginalize over the cosmological and astrophysi-
cal parameters and models listed in Table 3 matching our Fiducial analysis,
while maintaining their original shear and photo-z systematics models and
priors. check/add details about planck In all cases, both 68% and 95%
confidence contours are shown.

Figure 7. Fiducial constraints on the matter density ⌦m and S8 (top) or
w

0

(bottom) in wCDM. Format and content are otherwise the same as Fig.
6.

c� 2015 RAS, MNRAS 000, 1–12

DES Y1: Cosmological Constraints from Cosmic Shear 13

DES Y1 (shear only)
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Figure 6. Fiducial constraints on the matter density ⌦m and the matter
fluctuation amplitude �

8

(top) or S8 (bottom) in ⇤CDM. The DES Y1 cos-
mic shear constraints are shown by the grey filled contours, Planck TT +
lowP constraints by the filled green contours, and cosmic shear constraints
from DES SV and KiDS 450 cosmic shear constraints by unfilled blue and
red contours, respectively. We use the DES SV and KiDS 450 data vector,
n(z), and covariance to marginalize over the cosmological and astrophysi-
cal parameters and models listed in Table 3 matching our Fiducial analysis,
while maintaining their original shear and photo-z systematics models and
priors. check/add details about planck In all cases, both 68% and 95%
confidence contours are shown.

Figure 7. Fiducial constraints on the matter density ⌦m and S8 (top) or
w

0

(bottom) in wCDM. Format and content are otherwise the same as Fig.
6.

c� 2015 RAS, MNRAS 000, 1–12

Troxel et al. (in prep)
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Non-DE Science: Dwarfs, Gravitational Wave etc.
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DECam 
Installed

DES Year 1

DES Year 2

Image credit: Alex Drlica-Wagner

Dwarfs galaxies — the smallest and most 
DM-dominated galaxies

Looking for the optical 
follow-up on LIGO 
gravitational wave sources

Image credit: Marcelle Soares-Santos
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