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DARK ENERGY

DARK ENERGY
SURVEY

A 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 @

A GR: Descrae veion TR I el TN
DARK ENERGY AS A g
FLUID WITH
EQUATION OF STATE .
PARAMETER w = % . Y.

: ./

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
1 4
Geometry Growth Frieman + 2008
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o208, QM:O.Z, w=-1.0 o<t
i QMiO.& w=-1.0 ]
A QM:O.Z. w=-1.5 o
] e te e QM:O.Z, w=-0.5 o 7 e
T 0 1 =
N - <
= ] ie)
o) - S
i : <
0.5F : o
L,
08{ ........ | I T T A A | IS T N T T | T T I : N O N . L L & & & 3 L .
() 0.5 1.0. 15 2.0 10.0 1.0 0.1
redshift z i

d) - 4 3, E Im
= O S e SR o S o BN A e R R T oo

French Dark Energy Conference 2018 E. Bertin 3



/o 4 CLASSICAL DARK ENERGY PROBES AT
\" / INTERMEDIATE REDSHIFTS

DARK ENERGY
SURVEY

Method Probe type Main Issues (systematics)

Angular galaxy clustering Geometry ! Bias prescription errors

: : (P DQ «a non -linear growth
(mCIUdmg BAOS) large -scale photometric biases

' i (@, Shape measurement biases
HiEElS LEneng Geometry —q ® (D (@ photo -z biases
0

Growth

(o)

Type la supernovae Geometry [E)volution with redshift
0Q ¢ ust

Photometric errors

Galaxy Clusters Geometry Qg Sample selection
Q¢ Mass-observable relation

Growth

Frieman + 2008, Ruiz & Huterer 2015
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', OVERVIEW

DARK ENERGY
SURVEY
A5000 SQ.DEGREE PHOTOMETRIC SURVEY OF THE

SOUTHERN HEMISPHERE IN 5 BANDS (G,R,1,Z,Y) DOWN
TO 24™ MAG (GALAXIES, 100)

A525 NIGHTS OVER 5 YEARS DURING 5-MONTH SEASONS

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

A 30 sQ.DEGREE REPEATED ~WEEKLY IN G,R.1,Z (SN FIELDS)
ASURVEY STARTED AUG 31 , 2013.

A/\/\AIN ORIGINAL SCIENCE DRIVERS: 4 COSMOLOGICAL
PROBES BASED ON DISTANCE, GEOMETRY AND
STRUCTURE GROWTH:

A BARYON ACOUSTIC OSCILLATIONS FROM 300 MILLIONS GALAXIES TO z > 1

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

A Galaxy cLusTER COUNTs (~100,000) 1O z~1

Forecast DES Limits

A 4000 SUPERNOVA |a LIGHT CURVES WITH 0.1<7<1.1

BAO Clusters WL SN Combined

French Dark Energy Conference 2018 E. Bertin



THE COLLABORATION

DARK ENERGY
SURVEY

A RICHARD KRON, DIRECTOR
A PROJECT INITIATED IN 2004

A 28 INSTITUTIONS, ~400
PARTICIPANTS

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

A NO FRENCH INSTITUTION
INVOLVED

A BUT A FEW FRENCH
INDIVIDUALS INVOLVED AS
PHDS, POST-DOCS OR
EXTERNAL
COLLABORATORS

A POSSIBILITY TO SUBMIT
EXTERNAL COLLABORATOR
PROPOSALS

(o))
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DARK ENERGY
SURVEY

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

A STELLAR STRUCTURE IN THE LMC

A MW sateLLITES (18 DISCOVERED TO DATE)
A STELLAR STREAMS (11 DISCOVERED TO DATE)
A STRONG LENSES DISCOVERY

A MULTIPLY-IMAGED QUASARS

A RaPDLY EVOLVING TRANSIENTS (72
DISCOVERED TO DATE)

A OPTICAL COUNTERPARTS TO GW EVENTS (E.G.

GW170817)
A SACHS-WOLFE SIGNAL FROM SUPERVOIDS

A DETECTION OF THE KINEMATIC SUNYAEV-
ZEL'DOVICH EFFECT

French Dark Energy Conference 2018

MORE THAN DARK ENERGY (HIGHLIGHTS)

Shipp+ 2016

E. Bertin



THE INSTRUMENT: DECAM

DARK ENERGY
SURVEY

A INSTALLED ON THE BLANCO 4M TELESCOPE AT
CTIO. SEEING (I BAND) ~0.9"

A 3.5Q. DEGREE FIELD OF VIEW (2 DEGREE
DIAMETER).

A 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
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DECAM DETECTORS

DARK ENERGY
SURVEY

A 62%8 MPIXEL MOSAIC ARRAY

A THICK, FULLY-DEPLETED CCDsS
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

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

o To o Ix

A DYNAMIC: “BRIGHTER-FATTER"" EFFECT

0.056 pixels (15 Mas) - peg astrometric residuals per CCD
All exposures, all filters.
00!
200 [1X:]
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30000 F —
100 : 8
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e
-100
e 1000.0 < 0 2 | “
i Ky
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-200 I‘“ u
\ : Plazas+ 2014 v
‘ ‘ >0 L 4000
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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

A (OBSERVATIONS ARE
CARRIED OUT BY DES
MEMBERS FROM AUGUST
TO FEB

A G,R,I,Z,Y FILTERS
A ~ 90S EXPOSURES

A 12 EPOCHS, ~2 PER
SEASON IN EACH BAND

A SWITCH TO SN FIELDS
DEPENDING ON
OBSERVING CONDITIONS

A VERY LARGE DITHERS
(UP TO 1 DEG)

A MULTI-EPOCH
MEASUREMENTS

Nielsen (2018)
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INSTRUMENTAL CALIBRATION

DARK ENERGY
SURVEY

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

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