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. The Dark Energy

DARK ENERGY
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What is the physics behind the
acceleration of the expansion
of the Universe ?

Cosmological constant ?

Any new dynamical field?
Modifications to General
Relativity?

Dark Matter

Studies of dark energy from:
Expansion rate of the Universe
Growth of structure ERAGET

Can be measured from Galaxy
Surveys
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But not very sensitive yet
to the time variation of the
equation of state
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Current measurement
compatible with dark energy
being the cosmological
constant
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’ The Dark Energy Survey

DARK ENERGY
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Optical/IR imaging survey with the Blanco 4m telescope at Cerro Tololo Inter-
American Observatory(CTIO) in Chile

5000 sg-deg (1/8 of the sky) in grizY bands (2500 sg-deg overlapping with SPT
survey) + 30 sg-deg time-domain griz (SNe)

New 570 Mpx camera with 3 sg-deg FoV, DECam

Up to 24th magnitude (z~1.5)
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DECam
Jhg Dark Energy Camera
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Filter changer, Univ. of Michigan

Optics, UK
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CCDs, wafer from LB,
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Electronics, Spain and FNAL

Hexapod, Italy

Optomechanics, FNAL

Shutter, Germany
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DECam: 570 Mpixel camera

DARK ENERGY
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<, Installed on Blanco since august 2012
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DARK ENERGY
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74 CCD chips (570
Mpx/image) (62 2kx4k
image, 8 2kx2k
alignment/focus, 4 2kx2k

guiding)

Red Sensitive CCDs
QE>50% @ 1000 nm
250 microns thick

3 sg-deg FoV
Excellent image quality
0.27" Ipixel

u,g.,ri,z,Y filters for photoz

Low noise electronics (<15 e

@ 250 kpx/s) a0l il
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’ Photometric Redshift

DARK ENERGY
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Collect light from galaxies in
several broad-band filters in
optical and NIR

0.6

grizY (DES) + JK (VHS)

Use the flux in each filter to

=
determine: 50
Type (Star/galaxy/ QS 0é) =
Galaxy Type (spiral,
ellipticalé ) o
Photometric Redshift S

Also position on the sky and
shape information
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DES Science summary
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BAQ
4 Probes of Dark Energy Clusters
al WL l
SN

Galaxy Clusters (dist & struct)
Tens of thousands of clusters to z~1
Synergy with SPT, VHS 1

Combined

s

<
Weak Lensing (dist & struct) ;
Shape and magnification -
measurements of 200 million galaxies

Baryon Acoustic Oscillations (dist)
300 million galaxies to z~1.4

Supernovae (dist)
3500 well-sampled Sne la to z~1
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DES Science summary
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4 Probes of Dark Energy

Galaxy Clusters (dist & struct)
Tens of thousands of clusters to z~1
Synergy with SPT, VHS

Weak Lensing (dist & struct)
Shape and magnification
measurements of 200 million galaxies

Baryon Acoustic Oscillations (dist)
300 million galaxies to z~1.4

Supernovae (dist)
3500 well-sampled Sne la to z~1
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DES Collaboration:

~300 scientists from 28 institutions from around the world

DARK ENERGY

SURVEY
facebook.com/darkenergysurvey USA: Fermilab, UIUC/NCSA, University of
http://darkenergysurvey.org Chicago, LBNL, NOAO, University of Michigan,

University of pennsylvania, Argonne National
.Laboratory, Ohio State University, Santa
@ruz/SLA'C @onsortfgmjexas A&M Unlversny :

"CTIO(in Chile) -
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<.} DES Timeline
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2003 Project start

2004-8 R&D

2008-11 DECam construction
2012 [Sept] Installation and first light
2012 [Sept-Oct] Commissioning

Nov 2012- Feb 2013 Science Verification
Aug 31 2013 -9 Feb 2014 First Season (Year 1)
2014-2018 Second-Fifth Seasons
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DES Footprint
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75°

[ DES (round-13)

com Cenwro de Investigacianes
u EEHTREE Enerpticzs. Medounbenties

¥ Tocaslgical
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DES Current Status
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75°

15° /.

15°

45°

75°

E=3] DES (Year 1) ] DES (SN fields) B DES (SV fields) @@ DES (round-13)
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<’ First Results: DECam performance has
been extremely good

The next scientific results are based on these data
(~157 sqg-deq)

Main Goals: Exercise downstream analyses (DESDM) and
determine whether quantites derived from image data are meeting
DES requirements
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Year 1 wide survey progress
2000 sg-deg in 4 tilings (2/5 of the final depth)
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tilings
® 1
e 2
® 3
® 4
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(.‘, DES SV DATA

DARK ENERGY

SR DECam 1x1 deg (1/3 of
SN DECam FoV) grizY co-add
R image of SPT cluster at

R 7=0.32

Bl Around 50000 galaxies in
B this image

Bl DES will be an
B Linprecedented sample of
B galaxies going out to high
B rcdshifts




< Galaxy clusters from DES: New clusters
at high redshift (z>0.7')

250807 1T L0 z=B40 o =0 M
Bullet Cluster - = SCSO J2351-5452 “El Gordo”

L g

72053 v e @076 .- . W-ues _
SCSO J2336-5352 | DES J0449-5909 | DES J0250+0008

. % . .
L
- - ¥ '
H .'u.. »
-

slide frot E."Rykoff . - e

ICHEP 2014 : : :.-:E?Eaijirm HinasTER i E.SanChez



DES clusters correlate with X-ray data

DARK ENERGY
SURVE

XMMXCSJ234231.5-562106.8 XMMXCSJ234155.3-550745.5

2=0.43 Courtesy Phil Rooney and Eli Rykoff 22041
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’ Supernova DES13C3hwb, SN-la at
z=0.606
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gri composite of C3, CCD 7. 13 Ocrober 2013

i g Ll
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’ Supernova DES13C3hwb, SN-la at
z=0.606
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gri composite of C3, CCD 7. 13 Ocrober 2013
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’ Supernova DES13C3hwb, SN-la at
z=0.606

DARK ENERGY
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gri composite of C3, CCD 7. 13 October 2013
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’ Supernova DES13C3hwb, SN-la at
z=0.606
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gri compasite of C3, CCD 7. 13 October 2013
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’ Supernova DES13C3hwb, SN-la at
z=0.606
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gri composite of C3, CCD 7. 13 October 2013

ICHEP 2014 W oo e, CF E.Sanchez



’ Supernova DES13C3hwb, SN-la at
z=0.606
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gri compasite of C3, CCD 7. 13 Ocrober 2013

ICHEP 2014 W oo e, CF E.Sanchez



’ Supernova DES13C3hwb, SN-la at
z=0.606 (Light Curves)
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’ Strong Gravitational Lenses
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