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DARK ENERGY

DARK ENERGY
SURVEY

* WHAT DRIVES THE

UNIVERSE’S
Dark Energy
ACCELERATED Accelerated Expansion
Afterglow Light
EXPANSION AT Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.
PRESENT TIMES @
®* GR: DESCRIBE Inflation, -
DARK ENERGY AS A i
FLUID WITH
EQUATION OF STATE .
PARAMETER w = % . Y.
R ' B \

1st Stars o il
about 400 million yrs.

| Big Bang Expansion

13.7 billion years

NASA/WMAP Science Team
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Q/ DARK ENERGY IN THE wCDM SCENARIO

DARK ENERGY
SURVEY
- N
GeomeTry GrOWTh Frieman+ 2008
L5 | POy o ey Ty T R Tt T NS P : TN S ) ;
[ |— 0,702, w=-1.0 At 5
i QMiO.& w=-1.0 ]
Rty QM:O.Z. w—[15 ,-
s 1-0:‘ 3 ) QM:O.Z, w=-0.5 T _ %‘;
o ] =2
= ] =
e 5 =
0.5F . =
f/z
T T 1fo'. """" TSR 2.0 OO OO
redshift z z
a 1 x " .
Sl (2Q, 8 + Qupm + (1 +3W)Q, pE) 6x + 2H8), — 41tGpy 6 = 0
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v 4 CLASSICAL DARK ENERGY PROBES AT
"/ INTERMEDIATE REDSHIFTS

DARK ENERGY
SURVEY

m Probe type Main Issues (systematics)

Angular galaxy clustering Geometry > Bias prescription errors
(including BAO:s) (1+2)ds(z)  non-linear growth
9 large-scale photometric biases

Weak Lensing Geometry r() Shape measurement biases

H(z) Wi(@W;(2)  photo-z biases

Growth P (k = L)
r(z)

Type la supernovae Geometry Evolfuﬁon with redshift
uUs

Photometric errors

Galaxy Clusters Geometry Sample selection
Mass-observable relation

Growth

Frieman+ 2008, Ruiz & Huterer 2015
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', OVERVIEW

DARK ENERGY
SURVEY

* 5000 SQ.DEGREE PHOTOMETRIC SURVEY OF THE
SOUTHERN HEMISPHERE IN 5 BANDS (G,R,1,Z,Y) DOWN
TO 24™ MAG (GALAXIES, 100)

® 525 NIGHTS OVER 5 YEARS DURING 5-MONTH SEASONS

® INCLUDES THE 2500 SQ.DEGREE SOUTH POLE TELESCOPE SPT-SZ \
SURVEY FOOTPRINT \

* 30 SQ.DEGREE REPEATED ~WEEKLY IN G,R,I,Z (SN FIELDS)

® SURVEY STARTED AUG 31, 2013.

* MAIN ORIGINAL SCIENCE DRIVERS: 4 COSMOLOGICAL
PROBES BASED ON DISTANCE, GEOMETRY AND
STRUCTURE GROWTH:

®* BARYON ACOUSTIC OSCILLATIONS FROM 300 MILLIONS GALAXIES TO z > 1

* GRAVITATIONAL LENSING (STRONG AND WEAK) FROM 200 MILLION Current experimental limits
GALAXIES

® GALAXY CLUSTER COUNTS (~100,000) 1O 7~1

Forecast DES Limits
¢ 4000 SUPERNOVA |Q LIGHT CURVES WITH 0.1<z<1.1 —_—

BAO Clusters WL SN Combined

French Dark Energy Conference 2018 E. Bertin



THE COLLABORATION

DARK ENERGY
SURVEY

® RICHARD KRON, DIRECTOR
®* PROJECT INITIATED IN 2004

® 28 INSTITUTIONS, ~400
PARTICIPANTS

* FUNDING: DOE, NSF, DFG,
CSIC, CNPQ,
FAPERJ,FINEP +
INSTITUTIONS

® NO FRENCH INSTITUTION
INVOLVED

®* BuUT A FEW FRENCH
INDIVIDUALS INVOLVED AS
PHDS, POST-DOCS OR
EXTERNAL
COLLABORATORS

® POSSIBILITY TO SUBMIT
EXTERNAL COLLABORATOR
PROPOSALS

o~

French Dark Energy Conference 2018 E. Bertin



MORE THAN DARK ENERGY (HIGHLIGHTS)

DARK ENERGY
SURVEY

® SOLAR SYSTEM BODIES: TROJANS, CENTAURS,
TNOs (71 DISCOVERED TO DATE)

® STELLAR STRUCTURE IN THE LMC

* MW SATELLITES (18 DISCOVERED TO DATE)
® STELLAR STREAMS (11 DISCOVERED TO DATE) S
® STRONG LENSES DISCOVERY

*  MULTIPLY-IMAGED QUASARS : ]

®* RAPIDLY EVOLVING TRANSIENTS (72
DISCOVERED TO DATE)

*  OPTICAL COUNTERPARTS TO GW EVENTS (E.G.
GW170817)

® SACHS-WOLFE SIGNAL FROM SUPERVOIDS

® DETECTION OF THE KINEMATIC SUNYAEV-
ZEL'DOVICH EFFECT

French Dark Energy Conference 2018 E. Bertin



THE INSTRUMENT: DECAM

DARK ENERGY
SURVEY

® |[NSTALLED ON THE BLANCO 4M TELESCOPE AT
CTIO. SEEING (I BAND) ~0.9"

® 3-SQ. DEGREE FIELD OF VIEW (2 DEGREE
DIAMETER).

* HEXAPOD COMPENSATES FLEXURES BASED ON
OUT-OF-FOCUS IMAGES

DECam Donuts
O D
FN2
O O
- T
O O [EHE
B i3
e A
O D Dnpill
a00nsllls
© F&A Sensors: 8 CCD{(ZKXZKJE 5mivh ab c/)\)e/below focal plane

o Fit to a wavefront model with 9 Zernike terms

French Dark Energy Conference 2018 E. Bertin



DECAM DETECTORS

DARK ENERGY
SURVEY

®* 62%8 MPIXEL MOSAIC ARRAY

®* THICK, FULLY-DEPLETED CCDs
®*  VERY HIGH Q.E IN THE RED
® VERY LITTLE FRINGING IN | AND 7

® CARE SHOULD BE TAKEN WITH STRONG LIGHTING (SUPER-
SATURATION)

®  SIGNIFICANT DISTORTION OF THE PIXEL GRID DUE TO LATERAL
ELECTRIC FIELD VARIATIONS

®  STATIC: RESISTIVITY VARIATIONS (“TREE-RINGS")

-~ ‘4"’ 1
*  DYNAMIC: “BRIGHTER-FATTER" EFFECT

T
: 1
0.056 pixels (15 mas) - peg actrometric residuals per CCD DECam vs Megacam
All exposures, all filters.
00!
200 08
!
5
3000.0 =
100 \ % 06
£ =
¢ £
> w —
v ] y . s
c 0 0 -2 200003 0.056 pixels (15 mas) o
& (G T : S 04
- -
[
v
b
-100
1000.0[% 0.2 f
'l N
!
U
-200 /
/
0 3 Plazas+ 2014 v
; ; 0.0%2 0 2000
-200 -100 0 100 200 00

X (pixels)

Focal Plane X (mm)
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DARK ENERGY
SURVEY
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[ DES B SPT [ZZ3 KiDS I VIKING 3 VST-ATLAS
I DECaLS [ HSC (Wide) 8 UKIDSS (LAS) @8 VHS (DR3)
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SURVEY AND OBSERVATION STRATEGY

DARK ENERGY
SURVEY

OBSERVATIONS ARE
CARRIED OUT BY DES
MEMBERS FROM AUGUST
TO FEB

G,R,1,Z,Y FILTERS
~ 90S EXPOSURES

12 EPOCHS, ~2 PER
SEASON IN EACH BAND

SWITCH TO SN FIELDS
DEPENDING ON
OBSERVING CONDITIONS

VERY LARGE DITHERS
(UP TO 1 DEG)

* MULTI-EPOCH
MEASUREMENTS

Nielsen (2018)

French Dark Energy Conference 2018 E. Bertin 12



INSTRUMENTAL CALIBRATION

DARK ENERGY
SURVEY

®* PHOTOMETRIC RESPONSE MODELLED AT THE MILLIMAG LEVEL (PHOTOMETRIC HOMOGENEITY
REQUIREMENT: <20 MILLIMAG)

® ASTROMETRIC RESPONSE MODELLED AT THE MAS LEVEL (RELATIVE ASTROMETRY REQUIREMENT:

o
- i . ————
9 f ' 2 Vo - 20 -
- T (] - ||
L - T | o )
T [— = = [ aw= | = ; 1
.. (o E ]
i | T - i
i - —
i HoN
T
]
a/5 r i z Y ! X Vs
'
‘ i - g - >
" il ; o g
1 T g £
4 1g
2 ¢
e
- L] o>
o] r i i z i o
3 il i i @

Bernstein+ 2018
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7 DATA

DARK ENERGY
SURVEY

®* SCIENCE DATA THROUGHPUT ~400GB PER
CLEAR NIGHT

* DATA PROCESSED AT NCSA (U. OF
ILLINOIS) THROUGH THE DESDM (DATA
MANAGEMENT) SYSTEM

* DECAM COMMUNITY PIPELINE OPERATED BY
NOAO

* DES DATA PRODUCTS READILY AVAILABLE TO THE
DES COMMUNITY THROUGH THE DES ARCHIVE AT
NCSA

® YEARLY / BI-YEARLY INTERNAL DATA
RELEASES TO THE COLLABORATION

* RAW DATA PROPRIETARY PERIOD IS 12
MONTHS (NOAQO STANDARD: 18 MONTHS)

® CAN BE ACCESSED THROUGH THE NOAO NVO
PORTAL

French Dark Energy Conference 2018 E. Bertin 14
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DARK ENERGY

SURVEY
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Courtesy of M. Carrasco-Kind
E. Bertin
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YEAR-1 STAR AND GALAXY CATALOGS

DARK ENERGY
SURVEY

e ~5000sQ. DEG DOWN TO | = 23.3 (2", 100)
®* 310 MILLION GALAXIES
®* 80 MILLION STARS

* FORWARD GLOBAL CALIBRATION METHOD (BURKE ET AL. 2018): ~6 MMAG RMS ZERO-POINT
RESIDUALS

90° 90° 60° 30° 0° —30°
0° 0°
—15°L —15°
£ —30° 2 —30°
g g
= A
—45° —45°
—60° —60°
150° 120° 90° 60° 30° 0° —30° —60° —90° 150° 120° 90° _60° 30° 0° —30° —60° —90°
Right Ascension Right Ascension

Abboftt+ 2018
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YEAR-1 "GOLD"” COSMOLOGY DATASET

DARK ENERGY
SURVEY
1.0 Q—OOO—OOOlOFOOO-OOO‘OQOOOOOIOOOOQOﬁIﬁ I I
®*  YEAR-1 ~1800 SQ. DEG. SUBSET IN SPT+STRIPES2 AREAS
®* 137 MILLION SOURCES g 0.8¢
D
- CALIBRATION ADJUSTMENT 8 b g-band
e el r-band
*  ZERO-POINT REPRODUCTIBILITY~3MMAG e R
;,% 0.4+ z-band
®*  ARTIFACT REMOVAL AND ANCILLARY MAPS ©
—
2 PHOTOMETRIC REDSHIFTS o 02F e
(e *e
4 MULTI-FRAME,MULTI-BAND,MULTI-OBJECT MODEL-FITTING TO s Eﬁﬁ-ﬁA&m&hﬁﬁ{m-M\A—Aﬁ-mMmﬁMMﬁ-&maa*n—ma*;A—ai
SOURCES (SHELDON 2014) FOR 35 MILLION GALAXIES 18 19 ;}) ’ 2d1 : Déé Lot 23 24 25
agnitude in ystem
! . : ! . !
0° ~ B 0° .
w ;
5 ; Stellar Di,:l.'lsll.y g (_-,‘ala):iy Di._;‘l.'lsli_‘f
T W 2 5% 10° et 210" = ! 2 510"
=Rl 2 T £ |
[&] Y [&]
g \ g
_45° . S8 SO —a5° [} '
—60° s : o L L SE— :
135° 90° 45° 0° —45° -90° 135° 90° 45° 0° —45° -90°
Right Ascension Right Ascension

Drlica-Wagner+ 2018
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YEAR-1 DENSITY FIELD AND CLUSTERING

DARK ENERGY
SURVEY

®* RED GALAXY CATALOG: 1.3 MILLION
GALAXIES WITH <22

* 0.6 <PHOTO-Z < 1.0 WITH g4g~ 0.02

- (@)
2 L
05 06 07 08 09 10 1.1 (@)
L
6}
©
=
2 120° 90° 60° 30° 0° 330° 300° 270°
RA
0 Crocce+ 2018
2.0:%\ 0.6 < Zphoto< 0.7 7 0.7 < Zphoto< 08 ] F SR o S ORI 0.9 < Zphoto< 1.0 ]
1.5F %* b=181+005 4+t b=177+005 4+t b=178+005 4+t b=205+006 -
fo 2 : '{\
[su) b .
S 1o Iy, s §
= . 2 ? L
g 05 el s SRESSLE!
o HpfiHE T Shtggglll T i
: itk i iy
—0.5L x*/dof =105 1 b y?/dof =066 1L x%/dof =099 1L x?dof =098
N R T Ty B T T i e T P S
6 [deg] f [deg] 6 [deg] 6 [deg]

French Dark Energy Conference 2018 E. Bertin 18



YEAR-1 BAOS

DARK ENERGY
SURVEY
1.0
0.8 0.6 <z<1.0
. 0.6
3 4
°° 0.4 1 7
S 0.2 / J \
. / A J
| A
—  0.01 4
.:r;l "-—-._____-/ \ /—_—1'
@ 021 Y Y et
= —0.4 Y
—0:6
0.8 : : : . ‘ . 1
50 75 100 U5, 150 5, 200

s (b 1Mpe)

French Dark Energy Conference 2018

(Da/7q)/(DA/7a)PlanckACDM

DES collab. 2018

1.101
1.05

1 |4

v

| v
1.00 1 g i +V 5

. ? WIDES Y1

] BOSS
0.95 1 o
0.90 1

0.0 0.5 1.0 15 2.0 9

Redshift

E. Bertin

o
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.4 YEAR-1 BAOs

DARK ENERGY
SURVEY
® EXTERNAL BAO+BBN CONSTRAINTS: oL S e e
Ho = 67.24/- 1kM.S"! —.—r DES+BAO+BBN
=&
—— Planck
DES collab. 2018
fofatatetatetatatatet s e Taa ta T e e e e e T T e T i SPTpol
0.50F 3
s - ——i SHOES
e i BAO+BBN :
et : ettt R HOLiCOW
0.40F . I R DR RRAIA A
E [ Planck 1 Em,, free
S 035F ! —— DES+BAO+BBN
i : <
0.30 : y P R Planck
0.25 / = SPTpol
0,20-....1....|....1....|....|....|._._-.—T= P P e g N s o | B P o o I
0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.65 0.70 0.75 0.80 0.85
h h
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(. ; SHEAR MEASUREMENTS

DARK ENERGY
SURVEY

(blurred) (pixelated)
» L

Propagation through the Earth’s
tmosphere z/m_d telescope optics

/

Galaxies

Propagation through the Universe

(sheared) (blurred) (pixelated) J

Kitching+ 2010

French Dark Energy Conference 2018 E. Bertin 21



DARK ENERGY
SURVEY

* PSF MODELS: PSFEX, TO BE REPLACED WITH

PIFF

®* MEASUREMENTS: NGMIX + METACALIBRATION

AND IM3SHAPE

Simulator [
S.E.
Sims

French Dark Energy Conference 2018

10-6 L

S [

10-8 &

Zuntz+ 2018

L 1
10! 107
f (arcmin)

‘k ..llllgllill —0.030
l llllllllll —0.060
Ll T

m”zw..

10 i}

1079

_, SHEAR PIPELINE AND MEASUREMENTS

g 0.060

0.045
0.030
Mean residual x 10 0.015

0.000
Ill. —0.015
o TH |

—(0.045

L 1 L
10 101 10
f (arcmin)

E. Bertin
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YEAR-1 WEAK LENSING CATALOGS

DARK ENERGY
SURVEY +70° +60° +350° +40° +30° +20° +10° 0° +350° +340°
Chang+ 2018
—30°
’ \ “E” mode \ . ’
Over- . Under-
. density > density —40°

\No ’ l.\

kg; 02<2<1.3

—50°

+70° +60° +50° +40° +30° +20° +10° 0° +350° +340°

—30°

. ’ -B mode \
N\ [ g

kB; 0.2 <z<1.3

—50°

French Dark Energy Conference 2018 E. Bertin 23



YEAR-1T WEAK LENSING CATALOGS (CONT.)

DARK ENERGY
SURVEY

®* HIGH CONVERGENCE PEAKS COINCIDE WITH MASSIVE CLUSTERS AT INTERMEDIARY REDSHIFTS

S0 +60° =507 +40° {0 +20° +10° 0° +350° +340°
—30° |
5¢]
2
() ¥ v
—40° § 24
-1
- 2
i KE; 0.63%.z < 0.9, o
E | R

Chang+ 2018
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YEAR-1 COSMOLOGICAL ANALYSIS FROM COSMIC SHEAR

DARK ENERGY

SURVEY
* BOTH SHEAR PIPELINES PRODUCE e
CONSISTENT RESULTS
* Sg=0.78273957 (ACDM)
* Sg =0.777+2036 (WCDM)
* w= —095t8§3 05
e CONSISTENT WITH KIDS-450 AND DES
SVA %;U.Sl]
“-6?].15 (J“ZEJ EJL’S 0.‘3(]52 1\‘!3—? U.‘J(\ (\.‘43 0.50 —U{F‘i —
Troxel+ 2018 :EG i

French Dark Energy Conference 2018 E. Bertin



DARK ENERGY
SURVEY
0.8
® (CLUSTERS ARE DETECTED USING REDMAPPER o
(RYKOFF+ 2014) o
N h
! Input Catalog ? 0.2
0.0
First Pass L 0.02
Reject Keep o L0
Consistent with 'Tl
No red sequence?. Yes § 0.00
Nz
-0.01
Likelihood Sorting . A
cluster likelihood
Percolation - I
RS s e—
I Determine most likely center I
I Recompute A, Z, using I 1015'
new centers '—®'
¥ —
I Mask catalog using pmem I .ﬁ.
| w2
=
* REDMAGIC (ROzO+ 2016) USES A SIMILAR =

RED SEQUENCE FITTING SCHEME TO FIND LRGS

French Dark Energy Conference 2018

YEAR-1: GALAXY CLUSTERS

Y1A1, A > 20 o

-
-

fu = 0.006 —

1
L]

LLLLLLLLR) LLRLLLIRL LELLRLL LT RLLLLELELY LLY AL T LI L LN L I

o —— e e e = === =

0.5 0.6 0.7 0.8

10

WL This Work
B RM-+CMB (Baxter et al. 2017)
WL (Melchior et al. 2017)
WL (Simet et al. 2017)
H S7 (Saro et al. 2015)

S15 pivot

100
Richness A

E. Bertin



SUPERNOVAE

DARK ENERGY
SURVEY

° 3_Y FAR DATA 0500 wCiDM Constrainfs For Combineld Samples
[OmegaM: 0.314 +/- 0.017

* 206 NEW SNIA WITH 0.02 < z < 0.85 w: -1.002 +/- 0.057

® 128 EXTERNAL LOW-Z SNE s P
: 1
* 4% PRECISION ON DISTANCE \

DES3YR SN +

W £ )
% I SRS eeeisle e, 1-F - G
o)
§ —

- ~ 00 ol J
o o r o ~1.25
=1 ' ’{' SALT ]
S L / MAGELLAN & |
ot * GTC ®
‘E __ f/ GEMINI ® “-

LT

Q i / OTHER ® :

[ " . ) " " Il . - " i - " s _1-50

0.0 0.2 0.4 0.6 0.8 0.2 0.3 Q 0.4 0.5
E m
Redshift Brout+ 2018
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YEAR-1:COMBINED PROBES IN ACDM

DARK ENERGY
SURVEY

* YEAR-1 INGREDIENTS: N

® GALAXY ANGULAR AUTOCORRELATION 4
FUNCTION /

e 450,000 LRGs S
* 5 REDSHIFT BINS 0.96 — Planck

® COSMIC SHEAR CORRELATION
FUNCTIONS 0.00

® 26 MILLION SOURCES

o

® 4 REDSHIFT BINS

® GALAXY-SHEAR CROSS-CORRELATION
OF LRG POSITIONS AND SOURCE
GALAXY SHEARS 0.

e BAYES FACTOR ’; ((f)'fXﬁnDﬁ)) — 0.36 FOR

» 50 :
71 0.84 —

o
|

7
/

f

YEAR-1 DATA.

0.24 0.30 0.36 0.42 DES collab. 2018
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DARK ENERGY
SURVEY

* Sg=0.79473085 (ACDM)
* O, = 0.301%2-39¢ (ACDM)

* w=-1.00130z

* Low (z = 0.5) AND HIGH
(z=1100) REDSHIFT
ACDM PARAMETERS HIGHLY
CONSISTENT

® EXTENDED MODELS: SEE TALK
BY AGNES FERTE
TOMORROW

=

French Dark Energy Conference 2018

YEAR-1:COMBINED PROBES IN wCDM

Planck No Lensing
DES Y1
DES Y1-+Planck No Lensing

iilg\

DES collab. 2018

N

T T T T
0.24 030 036 042

T T T T T T T T T T T T
060 066 072 078 084 -16 -13 —-10 -07 -04 075 080 085 090
h w Sg
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SUMMARY AND PERSPECTIVES

DARK ENERGY

SURVEY

® (CONSTRAINTS ON COSMOLOGY FROM THE FIRST YEAR OF OBSERVING ALREADY SIGNIFICANT
® TENSION ON S8 WITH RESPECT TO PLANCK IS SMALL

* COMBINING ALL PROBES (INCLUDING PLANCK) ONE FINDS w = —1.0073-0%

® BORINGLY CONSISTENT WITH ACDM SO FAR
®* YEAR-3 RESULTS COMING SOON: ~ 3500 sSQ.DEG., 100 MILLION GALAXIES
®* YEAR-5: ~ 5000 sQ.DEG., 300 MILLION GALAXIES
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