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~400 Scientists from
~30 Institutions
7/ Countries

The DES Collaboration

Lawrence Berkeley National Laboratory
SIATT - Y e e ———

e I National Optical Astronomy Observatory

Ohio State

Michigan

Santa Cruz-SLAC-Stanford DES Consortium
National Center for Supercomputing Applications
Excellence Cluster Universe

Cambridge

Portsmouth (joined in 2004)

Nottingham

Consejo Superior de Investigaciones Cientificas

CIEMAT

ETH-Zurich




—ra of discovery (2000 - 2010)
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CMASS
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Figure 7. The clustering of BOSS CMASS (top two panels) and LOWZ
(bottom two panels) galaxies, for the two coatiguous regions within
SGC and NGC hemispberes. The dotied lines denote the mean of the QPM
mock samples.

the

Ross et al. 2017 (BOSS)

data set A
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Fig.7. North (full lines) and South (dashed lines) confidence
contours and best-fit values for galactic, equatorial and max-
imum asymmetry hemispheres for the ACDM fit. These fits
should be compared to the full-sky fits of figure 6. We do not
show results for data set C, as the pencil beam geometry of that
data set is not suitable for our test.



Searching for Meaning

Observational driven as theory offers little at present

Galaxy Distribution
Geometry
+
. Expansion
+
Structure
Supernovae I» m— Growth
1 - * Rwss of al. 1998 ; :.
42 Pomm;lm o |I 1999 < ﬂ
2 40 §
E |
= 38 ' 0,0.3, Q0.7 |
= 36 ’.",“.' =03, 2,200
34/ Py Q,=10,2,=00
“361 S ————
8/26

W = pressure / density

w(a) =wo+ (1 - a)wa

“

R

| TR PANCK WP JLA
l‘:— - « = PLANCKsWP.C11
r D FUANCK.WP-SADWLA

F o P ANCK WP HAD
O[] S| M -
- N

: e
<L 15 1.5 1.4 12

wan

‘State of the art constraints:
‘wo =-0.957 +0.124 (~13%)
|wq =-0.336 + 0.552 (~164%)

Betoule++2014

wo = -1 and wa = 0 consistent vacuum energy



“Stage 3” era of systematics (2010 - 2020)

Table 11. Contribution of various source of measurement uncer-
tainties to the uncertainty in €,,,.

Uncertainty sources o.(Q,) % of c(Q,,)

Calibration 0.0203 36.7
Milky Way extinction  0.0072 4.6
Light-curve model 0.0069 4.3
Bias corrections 0.0040 1.4
Host relation? 0.0038 1.3
Contamination 0.0008 0.1
Peculiar velocity 0.0007 0.0
Stat 0.0241 51.6

Notes. For the computation of oy, (£2,,), we include the diagonal terms
of Eq. (13) in Cy..” We discuss an alternative model for the environ-
mental dependence of the SN luminosity in Sect. 6.3.






Dark Energy Camera A

- Imager
« 74 Chips, 570 Megapixels
« 3 sg. deg. FoV, 0.27°/pixel -
« Red-sensitive: QE > 50% @ 1000nm

* Filters H

* grizY bands: similar to SDSS

- largest broadband filters for an AlA
astronomical instrument

=
Q09

04 DECam CCD

300 400 500 600 700 800 900 1000 1100
A(nm)

11




Survey Footprint
(625 nights at CTIO)

PHOTOMETRIC SURVEYS

area filters exposure time/visit
(deg?) (seconds)

SN Shallow' 24 griz 175/150/200/400
SN Deep 6 griz |1600/1200/1800/3630 |\

3 DES (planned 5 yrs) &3 SPT ZZ3 KiDS B VIKING 0 VSTATLAS
B DECaLS [0 HSC(Wide) @B UKIDSS (LAS) @ VHS (DR3)

SPECTROSCOPIC SURVEYS

53 BOSS (DR12) B oBOSS 220 Wigglez B8 2dFLenS [ OzDES
] DES (planned 5 yrs) @l 2dFGRS



Multiple Probes, One Experiment

* Weak Lensing:
« 200 million galaxy shapes

e Galaxy Clusters:

* ~10,000 clusters to z>1

® Supernovae:

- ~3000 well-sampled SNe la to z ~1

¢ [ arge-scale galaxy distribution:

+ 300 million galaxies to z > 1

—xpansion and Structure Growth

-
-

- b 'y

<y N/
-
-

@

w(a) = wo + (1 - a)wa

Evolving DE equation of state:

L4 r L4 L4 L4 L4 r L4 LS T LS r LS T T T

= Clusters

- Combined

DES expected measurements

4
e L ' ' ' ' l e ' e e l '’ '’ e ' ]

Wo

- i —

Predicted DES Constraints:

‘wo to ~5% (13% today)
wqe to ~30% (over 100% today)

e — —
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Survey Progress

Science Verification (SV) - 2012
Y1 -2013/14 (Aug - Feb)
Y2 - 2014/15 (Aug - Feb)
Y3 - 2015/16 (Aug - Feb)
)
)

S —

Y4 -2016/17 (Aug - Feb
Y5 -2017/18 (Aug - Feb
Y5.57?

AA




Y1 through Y3

Tiling=0ne 90 sec exposure over entire footprint

baseline

achieved

r I

tilings
/Need for Y6 1604
® 205

2014-07 -

®

g
3@ 6
. . 4-6 tilings in all bands over whole survey.
= 5 No holes but slightly behind schedule
- because of EI Nino). Planning for Y6



SN Cadence

year 1 year 2 year 3
150 - 0 o »
> > >
T T 4",
© © ©
00 \a A
© ™~ N~
100 - oL n u
a S S S
C o O QO
K = = =
&
50 -
0_ = - . e d—
0 7 14 21 0 7 14 21 0 7 14 21
gaps (days)

. deep. shallow  ~30 % of time on SN survey



Seeing
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Seeing distribution in Y2

17

Delivering at science requirements

eaAouzadns

opTM



Astrometry
[Bernstein++2017; arXiv:1703.01679]
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Fig. 10.— At top are the astrometric residuals of detections in a representative exposure (228645, z band),
averaged in bins of focal-plane position. Below are the divergence and curl of this vector field, plotted
on a common scale. The continuity of the vector field across chip boundaries, the curl-free nature of the
field, and the streaky pattern of divergence strongly support the hypothesis that these distortions arise from
atmospheric turbulence.



Repeatability

Repeatability

10+

107

10

Photometry

[Brout, Lasker, Scolnic]
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Photometry

[Brout, Lasker, Scolnic]

Absolute

r TTL ' '
9 Q (millimag cross-calibration)
HST CalSpec HST CalSpec
PS1 PS1
51
— Goal » = 0,005 — Gosl > = 0005
- e« 0009 -+« 0.006
c2
C1 Cl
-003 -002 -001 0.00 00l 0.02 003 -003 -002 -001 0.00 a0l 0.02 003

offset to synthetic magnitudes (mag) offset to synthetic magnitudes (mag)

I 4
HST CalSpec HST CalSpec
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—arly Results from

Weak Lensing
Galaxy Clustering
Strong Lensing
Supernova




Mapping dark matter with SV data

Vikram++2015; arXiv:1504.03002]

+ One of the largest contiguous map of

dark matter ever created

e 139 sq. degs (only 3% of DES area)

¢ 3 million galaxies with shape
measurements

® 6.8 sigma correlation with galaxies

+ Analysis:

e compare with CMB lensing and DE
evolution [Kirk++2015, arXiv: 1512.04535]

e 2-point correlation functions of shear
measure the large-scale structure in
the region of the foreground lensing

galaxies:

Dec

-50

-60

60

 redder = higher matter

density, higher lensing
signal

* bluer = voids




Cosmological Constraints from Shear

[DES Collaboration, 2015 arXiv:1507.056552]

» current constraints on dark energy

« CFHTLenS: deep galaxy survey
154 sq. deg, ~7.5 million galaxies,
6 redshift bins

* Planck
- DES: 139 sqg. deg. ~3 million galaxiess
3 redshift bins

' ' ¥ l'llIll L] T IIIIIII

— Planck Best Fit Theory

I I Planck j

¥ ¥ DESSV ¥ B

¢ ¢ CFHTLenS K13 }
102 T B aaaaaal el e 2l
107 10° 10" 10°

k [Mpc/h] ™

1 1 | l
B3 DES-SV

2 CFHTLens (H13)
B Planck
1 Planck+ext

-101-3% of DES'

l l |
0.4 0.5 0.6

Sg =05 (N2

l
0.9

0.7

0.8
/0.3)"

1.0

m

Sg=0.81 = 0.06

Marginalised over nuisance: shear calibration, photo-z
calibration, intrinsic alignment, non-linear matter power p(k)

Marginalised over three cosmological parameters



COsr\nr\h\minrﬂ MNAnatraimnte frarm ClhAaAnr

[DES C T v v v 1 v v v T v y T y v T
—k— KiDS-450
e current:. [
- CFH ] —— DIR (no baryons, weighted direct calibration n(z))
154 | o o] i CC (no baryons, cross-correlation n(z))
| 3 —— BOR (no baryons, re-calibrated F(z))
6 re( SE) —— BPZ (no baryons, BPZ P(z)) N
. Plan g —— DIR-no-error (no baryons, no photo-z error)
o - - no-systematics (no baryons, no photo-z err., no 1A)
 DES uq-" —— B-modes subtracted (no baryons, no photo-z err.)
3 re( 8 —— ¢ . large scales only (no baryons, no photo-z err.)
— v Y : wCDM cosmology
© g ; o DES-SV cosmic shear (DES Collaboration 2015)
10* | T e e CFHTLenS re-analysis (Joudaki et al. 2016)
- 'c —
[ . = 2 o Planck-TT+LowP (Planck Collaboration 2015)
% I = —— Planck re-analysis (Spergel et al. 2015)
2 // % e — Pre-Planck CMB (Calabrese et al. 2013) 1.0
-
= Y v = ——— WMAP 9-year (Hinshaw et al. 2013)
:.i 103 - L A A A 1 " N A 1 N A " L A A " 1
- 0.6 0.8 1.0 1.2 1.4
Sy =05/ Q,/0.3 Hidebrandt etal. 2016 4 () ()6
R — Y vVrargmarisearovernuisance:snear calibration, photo-z
102 Lot ¢ (& CFHTLenSKL3 calibration, intrinsic alignment, non-linear matter power p(k)
107 10 10" 10"

k Mpe/h] ™ Marginalised over three cosmological parameters
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Cross-correlations in DES
[Giannantonio++2015 arXiv:1507.05551]

Main galaxies 0.2 < z,,, < 1.2
3.0F ' ' E
SVdata  2spy las flto sute ===
2 20f L Ay sessseses
1.6F . % . 2
Gal-Gal &0 N, aiE
S T Dy O ]
0.5F *‘--. :
0.0f <Gal-Gal> B SRR
E3E\ 0.2<zm<l.2.§
0 A = bA,, = 0.84 £ 0.13
Gal-SPT =
(6 sigma) ’:
x
e 3 0.2 < Zyq < 1.2 2
© A = bAy,, = 0.78 + 0.21 1
=
Gal-Planck =
4 sigma) >
( 9 ) S 0 <Gal-Planck>
0.1 1.0 0.0 osssssssssmmm 71.0 counts
v [deg] (74.6, —-52.7) Equatorial



Cross-correlations in DES Lower growth than
[Giannantonio++2015 arXiv:1507.056551] predicted by Planck?

Main galaxies 0.2 < z,,, < 1.2

3.0 T v
SVdata _asn, s
2 2.0 \L Linear -« oo
Gal-Gal 1.50
— ACDM: Planck+WP
1.25 \COM |
| Giannantonio15
0T I SPT-3G x DES-5yr

N 075 |
Gal-SPT & \.5__.
(6 sigma  0.50 | —

0.25 I

.........

0.00
000 025 050 075 100 125 1.50
Gal-Plan z
(4 Slgma: ° oE <Gal-Planck> b= “‘P——v—q.

0.1 1.0 0.0 oeeesssssmmmm 7 1.0 counts
¥ [deg] (74.6, —52.7) Equatorial



Y1 results soon (1500 deg?

First data release




Confirmed Lensing Systems in DES SV @

[Nord++,2015; arXiv:1512.03062]

a) DESJ0221-0646 » b) DESJ0250-0008 c) DESJ0329-2820

»

d) DESJ0330-5228

~2000 lenses (galaxy- to cluster-scale), ~120 lensed QSO and ~ few lensed SNe



Cusp or Merger?
[Collett++,201 7;submitted]

The Dark Matter distribution in a cluster at z = 1 3

Zc=1 065
Zs=2.39
10742 solar

I
A
F1G. 1. Pseudo-colour gri composite image of the lens J2011, FiG. 2. g band image of the arcs and central image, after sub-
taken from the first three years of operation of DES. The image is tracting foregrounds. Only the coloured pixels are included in the
1 arcminute on a side. lens modelling of Section 3. The blue bar shows a ten arcsecond

scale.
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Supernovae in




Superﬂovae Fields monitored for ~5 months

each week for last 4 years

SN C Fields
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Thousands of Supernovae
[Yuan++,2015, Childress++,2017]
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Distance Modulus («)

Hubble Residual

SpeCtrOSCOplc HUDble Dlag Fam AAT, SALT, VLT, Magellan, Gemini,

[D°’Andrea++,2017 in prep] Keck, MMT. GTC, SOAR
- o T T T 7771 SNe laby Year
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First cosmology
[Macauley++ 2017, in prep]
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Figure 12. Redshift dependent bias in measured values
of p.
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Distance Modulus, ; (Magnitudes)

Campbell++ 2013

Photometric Hubble Diagram Olmstead++ 2015
With host galaxy redshifts R;Jggﬁ[:: 281;
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SN lensing

Constraining growth of structure and p(k)

Marra++ 2013
Macaulay ++ 2017
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SN lensing

Constraining growth of structure and p(k) Marra++ 2013

Macaulay ++ 2017
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SN lensing Quartin++ 2014

Expectations for DES Scovacricchi++ 2017
DES hybrid DES deep DES shallow
10. S B S S S R R R S ———
% O.,=0.1 mag
7]
=
o
g=
=
D)
=
o
9 1
70}
70}
o
e
U . | PP PPN S 2 PP PSP R 2 | PR B
3 9 3 9 3 9
0 [arcmin]

Figure 2. The binned signal-to-noise predictions for DES cross-correlation function (bin size is 3 arcminutes) as a function of survey configuration, total
number of SNe Ia and value of oerr (see Table 1 for details).

Total S/N ~ 15 (below 30 arcmins)
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Superluminous Supernovae '

[Gal-Yam 2012, Dong++ 2015]
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Flux (Arbitrary units)

41

Superluminous Supernovae
[Papadopoulos++,2015, Smith++, 2016, 2017]
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DES16C2nm is the brightest, most distant SN ever confirmed
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Superluminous Supernovae

[Smith++, 2016]
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Near Future (2020 - 2030)

DESI, Euclid, WFIRST, LSST, 4MOST




44

—uclia

Hundreds of SLSNe to z~4 for free
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LSST

Millions of SNe; thousands of SLSNe
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TIDES @ ESO 4MOST

250,000 SN and host galaxies
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LSST SN lensing

Quartin++ 2014

Scovacricchi++ 2017

6

Cross-correlation SNR

Cross-correlation SNR

Scovacricchi et al.
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Figure 4. The binned signal-to-noise predictions for LSST cross-correlation function (bin size is 3 arcminutes) as a function of survey configuration, total

number of SNe Ia and value of o, (see Table 1 for details).



Summary

Dark Energy Survey has reached maturity - /ots of results to
come in next year, which should shed some light on
systematics and maybe the nature of dark energy.

Good time (data-rich) to be studying cosmology - especially
with projects like LSST, DESI and Euclid on horizon



