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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 InfigiSl i
DARK ENERGY AS A ;
FLUID WITH
EQUATION OF STATE -
PARAMETER w = % . Y| .

" \ ' E .
1st Stars —\ . 7 .’".'f‘

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 | ey e e e e T - A N S o
[ — Q,=0.2, w=-1.0 B
i QMiO.& w=-1.0 ]
A QM:O.Z. w=-1.5 -
1-0:‘ mee Q =02, w=-0.5 2 g oy
g E
= ] 2
ol ] S
0.5k 5 >
/’
R T TR 1fo'. """" TR 2.0 O O OOy
redshift z Z
a 1 X . ‘
i (2Q, + Qup + (1 + 3wW)Q,pE) Ok + 2Hoy — AmGpy oy = 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;(@)  photo-z biases

Growth P (k = L)
r(2)

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 (ORIGINALLY) DURING 5-MONTH
SEASONS, EXTENDED TO 6 YEARS

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

SURVEY FOOTPRINT
® 30 SQ.DEGREE REPEATED ~WEEKLY IN G,R,I,Z (SN/DEEP FIELDS)

®* OBSERVATIONS STARTED AUG 31, 2013, AND
COMPLETED JAN 10™, 2019

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

®* BARYON ACOUSTIC OSCILLATIONS FROM 300 MILLIONS GALAXIES TO z = 1 Current experimental limits
* GRAVITATIONAL LENSING (STRONG AND WEAK) FROM 200 MILLION
GALAXIES
* GALAXY CLUSTER COUNTS (~100,000) TO z~1 Forecast DES Limits
* 4000 SUPERNOVA |a LIGHT CURVES WITH 0.1<z<1.1 BA_O Clusters WL?N Combined

French Dark Energy Conference 2019 E. Bertin



THE COLLABORATION

DARK ENERGY
SURVEY

® RICHARD KRON, DIRECTOR
®* PROJECT INITIATED IN 2004

® 28 INSTITUTIONS, ~400
PARTICIPANTS

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

® NO FRENCH INSTITUTION
INVOLVED

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

EXTERNAL
COLLABORATORS = ._

*  POSSIBILITY TO SUBMIT F\lx"‘
EXTERNAL COLLABORATOR 2esseersasi
PROPOSALS =

French Dark Energy Conference 2019 E. Bertin 6



DARK ENERGY
SURVEY

e e e h S OSSO 3 05 4 o 607

®* SOLAR SYSTEM BODIES: TROJANS, CENTAURS, R O OO OO0 !w
TNQOS - 245 DISCOVERED TO DATE : 3 |
(BERNARDINELLI+ 2019) 0

® STELLAR STRUCTURE IN THE GALAXY AND THE raiset
LMC (PIERES+2019) o

* MW SATELLITES (18 DISCOVERED TO DATE)
® STELLAR STREAMS (11 DISCOVERED TO DATE)
® |LOW SURFACE BRIGHTNESS GALAXIES

* "“DARK SIRENS” (SOARES-SANTOS+ 2019)

® STRONG LENSES DISCOVERY (NORD+ 2019)
* MULTIPLY-IMAGED QUASARS (TREU+ 2018)

® RAPIDLY EVOLVING TRANSIENTS (PURSIAINEN+
2018)

e CosmiC voIbs (FANG+ 2019)

®* (CMB LENSING BY CLUSTERS (RAGHUNATHAN+
2019)

I
(&}

I
ot

Rscovery distance (AU)
o

e

=
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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

0 D

EraCarAcacai

AEACACRCRECR)
=111

s e CIk

il 5 | & 1~

© F&A Sensors: 8 CCB?(ZKXZK)J 1.5 al ove/below focal plane
© Fit to a wavefront model with 9 Zernike terms

French Dark Energy Conference 2019 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")
* DYNAMIC: “BRIGHTER-FATTER" EFFECT

0.056 pixels (15 mas) - g astrometric residuals per CCD
All exposures, all filters,

200

3000.0

—
=]
=3

i 20000»‘ 0.056 pixels (15 mas)

Total transmission

Focal Plane Y (mm)
o
Y (pixels)

~100]

10000 [%

-200]

Plazas+ 2014

0.0

200 ~100 0 100 200 0o

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

DARK ENERGY
SURVEY

OBSERVATIONS ARE
CARRIED OUT FROM
AUGUST TO FEB

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

10+ 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

French Dark Energy Conference 2019

Nielsen (2019)
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DARK ENERGY
SURVEY

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

* FORWARD GLOBAL CALIBRATION METHOD (BURKE ET AL. 2018): ~6 MMAG RMS ZERO-POINT RESIDUALS IN YEAR-T DATA,
DOWN TO 2 MMAG WITH YEAR-6

- ABSOLUTE PHOTOMETRIC CALIBRATION:
o I-BAND AB FLUX OFFSET TIED TO C26202
®  COLOR OFFSETS TIED TO ~100 CALSPEC STANDARDS WITH DISPERSION ~10MMAG RMS

DATA CALIBRATION

®  ASTROMETRIC RESPONSE MODELLED AT THE MAS LEVEL (RELATIVE ASTROMETRY REQUIREMENT: <15 MAS)

g r
%
AL
(-
-
i i T
i
a/5 r
[
1
o
[ S
g r

French Dark Energy Conference 2019
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mag g-i

mmag per

e ]
o e @

Bernstein+ 2018

E. Bertin
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., 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 2019 E. Bertin 14



DARK ENERGY
SURVEY

2014

2012 2013

)

n
<

DESDM |Observations

Releases

5

_ , DATA RELEASE TIMEFRAME (2019 ESTIMATE)

Q

S 2020 2021 2022

Science
Releases

SV Gold 1.
|svGold 1.0 b

Public
G EEES

':eiw-~ntd§§s;\

Q

>

N

Y3Gold B i
DR2

Y6 Gold

3

French Dark Energy Conference 2019

Courtesy of K. Bechtol and M. Carrasco-Kind
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DARK ENERGY
SURVEY

® 10 SN DEeEP FIELDS + 1 ULTRA-DEEP (COSMOS)
® EXTRA-WAVELENGTH COVERAGE THANKS TO OVERLAPS WITH COSMOS CDFS, XMM, ELAIS

L 2 e - ° - .
. . .
¥ ’ ’
" . .
é : :
N B -~
- . -
. - » i . . >
. ¥ . . .
» ! ; » F . »
Nominal survey depth (10 exposures) Deep field depth (~100 exposures) Ultra-deep depth (~3000 exposures)

Courtesy of R. Gruend|
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Declination
|
g

—45°

—60°

—90°

60° 30° 0° —30° —60°

Right Ascension

150° 120° 90°

* YEAR-I

* ~5000 sQ. DEG DOWN TO i = 23.3 (2",
100)

e 310 MILLION GALAXIES

¢ 80 MILLION STARS

French Dark Energy Conference 2019

Declination

30° 0°

I
i
(%3]

o

-90°

60° 30° 0° —30° —60°

Right Ascension

90°
Abbott+ 2018
® YEAR-3 AND YEAR-6

®*  MULTI-EXPOSURE FITTING (MOF/SOF, E.
SHELDON)

* |[MPROVED PSF MODELING OVER THE WHOLE
FOCAL PLANE (PIFF, M. JARVIS)

E. Bertin 17



DARK ENERGY
SURVEY

®  GALAXY ANGULAR AUTOCORRELATION ®*  SUPERNOVAE

FUNCTION .
®* 650,000 LRGs in 5 REDSHIFT BINS e BAOS
¢ COSMIC SHEAR CORRELATION FUNCTIONS .

% 26 MILLION SOURCES IN 4 REDSHIFT BINS

®  CROSS-CORRELATION OF LRG POSITIONS
AND SOURCE GALAXY SHEARS

= DES (3x2pt+SNe+Phot. BAO)
== DES SNe
0.8} .| === EXT (CMB+SNe+Spec. BAO)

-

= -
— e e e =

02 """------
Accelerating today_ =

- Decelerating foday

0_ L L L
(9.20 0.25 0.30 0.35 0.40
E-ZH?-

French Dark Energy Conference 2019

YEAR-1:COMBINED PROBES

® RESULTS
®  NON-FLAT ACDM:

207 HIGH-Z + CFA+CARNEGIE LOW-Z

BRXEIGOOR 802 By =047
1,300,000 GALAXIES WITH 0.6<7<1.0 33 0.020/ **A

* FLAT WCDM:

Q,, = 0.300%5:933, w = —0.80%

_ &%

| | === DES (3x2pt+SNe+Phot. BAO)
—02l| == DESSNe

I DES + Low-z SNe
== EXT (CMB+SNe+Spec. BAO) (1!

= —-
—r)
L - =

~ \~ ]
030 0.35  0.40
8

020  0.25

DES collab. 2019

E. Bertin
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SUPERNOVAE (3-YR DATA): DARK ENERGY

DARK ENERGY
SURVEY

* 207 NEW SNIA WITH 0.02 < z < 0.85
* (~10% OF THE FINAL DES SAMPLE)

® 122 EXTERNAL LOW-Z SNE
® 4% PRECISION ON DISTANCE 8 | R AT
* FLATWCDM (WitTH CMB PRIOR): S I+ CMB

* w=-0978+0.059 R . S .

°* 0, =0321+0.018

~ 45.0
- DES (£ e
—4; 42.51 low-z N;V;,_;;«A.;:-v;--:"?-";(
B400{ | Dbinned ol
g I
® 37.51 e (Qu, Qp, W)
g 3 g e (0.321,0.679,-0.978)
+ 35.01 e (0.3, 0, 0)
A P ot (1.0, 0, 0)
0.4
0.16 0.24 0.32 0.40 0.48
g o [ ‘ O
S RO T T e — —— LT R T Abbott+ 2019
5 —0.24 h *\l:: Tl el le ] |
] DATA AVAILABLE AT
-0.41 .
S — . HTTPS://DES.NCSA.ILLINOIS.EDU/RELEASES/SN
Redshift
E. Bertin 19
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SUPERNOVAE (3-YR DATA): HUBBLE CONSTANT

SURVEY
Macaulay+ 2019

SN o BOSS * DES
@ BAO TF o  6dF 4 SDSS 4+ Low—z
SN + BAO ol - - - BAO Fit BAO + SN Fit
‘O 72+ 9
o,
=
I\'D
S
e
s
Q
0
+
T
=
Q

0.02 0.05 0.1 0.3 0.7

Redshift, z

® PURELY GEOMETRICAL ESTIMATION
COMBINING BAOS AND SNE DATA

* Hy,=67.8% 13 KM.STMPC’!

French Dark Energy Conference 2019 E. Bertin 20



DARK ENERGY
SURVEY

a) DES J0041-4155

.

SRR S
BT S

& P

| W a3

£ .
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: ..

X o *

7
d) DES J0227-4516

STRONG LENS SYSTEMS

b) DES J0104-5341 c) DES J0120-5143
. -
- "
A1
/ A2— _ =« —A3
- . ’ "
- . |
\A2 A1
»
e) DES 0357-4756 f) DES 0418-5457
- i
.Q
' » .
A1
A '\A1
»
-
. o #
- * A3 "
- . . -

h) DES J2321-4630

i) DES J2349-5113

A2 - : "
1. .. A1
_A1—‘ .. » ‘
A - -
3 -
i » A2/

» . -
Nord+ 2019

French Dark Energy Conference 2019

~2,000 LENSING SYSTEMS WITH ARCS
EXPECTED IN DES

~100 LENSED QUASARS EXPECTED

DES J0408-5354:
Hy = 742757 kMS"TMPC

S3 D

L ]
S2 ¥ .
.

Gl
L) RC
2 G2

"5

Shajib+ 2019

E. Bertin
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OUTLOOK

DARK ENERGY

SURVEY

® CONSTRAINTS ON COSMOLOGY FROM YEAR-3 AND YEAR-6 RELEASES SHOULD REDUCE ERROR
BARS BY A FACTOR 2-4

®* YEAR-3 COSMOLOGICAL RESULTS : ~ 3500 SQ.DEG.,100 MILLION GALAXIES
* YEAR-6: ~ 5000 SQ.DEG., 300 MILLION GALAXIES
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