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The Dark Energy problem: S@i@@@@

TH E

10, 90 or 320 years old? gz

The weak field limit of GR:
F=-GM/r¢ + A/I3r

“I have now explained the TWO principle cases of attraction...

which is very remarkable”
Isaac Newton, Principia (1687)

Lucy Calder & OL

A&G Feb 08 issue
http://www.star.ucl.ac.uk/~lahav/CLrev.pdf (revised)




Planned photometric and
spectroscopic surveys

Survey Depth Area Imaging Filters/ Schedule
{mag or redshift) | {sq deg) spectra Resolution
KIDS{+WViking) = 24.4 1500 ugri Z¥H 2008-2013
DES({+WHS) r< 24 5000 grizyYIHK 2011-2016
Fan-5STARRS1 r< 24 15000 arizy 2008-2012
Fan-5TARES54 r< 25.6 30000 arizy 2012-2017
Hvper-Suprime r <25 2000 BVRiz 2011-2016
Skymapper g < 22.9 15000 Uwgriz 2008-2011
Pall i < 23 2000 50 narrow bands 2010-2015
LS5T Q=< 26 20000 Ugriz 2014-2014
SNAPRP R<28.3 S200 Q visible and IR 2015-2021
Euvclid- (RIZ)<24.5 20000 (RIZ)+YJIH 201 F7-
Photometric 2020
WiggleZ r< 22.5 {(+ UW) 1000 e (0 2006-200%9
BOSS (SDS553) r <20 (LRG) 10000 2000 2009-2014
Hetdex 1.8<z<3.8 200 850 2009-2009
WFMOS z=1 F_ab<22.7 2000 000 2011-2016
WFMOS z=3 F_ab=24.5 200 2011-2016
SNAP . 3<z<1.7 Sa00 e 200 2015-2021
ADEPT z=0.8 2000 2015
SkEA z=1.5 20000 2020
Euclid- F< 2.1 20000 00 201 7-
Spectroscopic 2020




The Dark Energy Survey (DES)

Proposal:

— Perform a 5000 sq. deg.
survey of the southern
galactic cap

— Measure dark energy with
4 complementary
techniques

New Instrument:

— Replace the PF cage with
a new 2.2 FOV, 520 Mega
pixel optical CCD camera
+ corrector

Time scale:

— Instrument Construction
2008-2011
Survey:

— 525 nights during
Oct.—Feb. 2011-2016

— Area overlap with SPT SZ
survey and VISTA VHS

| Use the Blanco

! 4m Telescope

at the Cerro Tololo
Inter-American
Observatory (CTIO)




DES Participating Institutions

Fermilab

University of lllinois at Urbana-Champaign
University of Chicago

Lawrence Berkeley National Laboratory
University of Michigan

NOAO/CTIO

Spain-DES Collaboration:

Institut d'Estudis Espacials de Catalunya (IEEC/ICE), Institut de Fisica
d'Altes Energies (IFAE), CIEMAT-Madrid:

United Kingdom-DES Collaboration:

University College London, University of Cambridge, University of
Edinburgh, University of Portsmouth, University of Sussex

The University of Pennsylvania
Brazil-DES Consortium

The Ohio State University
Argonne National Laboratory

12 participating institutions and >100 participants
DES Funding from DOE, NSF, STFC (UK), Ministry of Education and Science

(Spain), FINEP (Brazil), and the Collaborating Institutions



The Dark Energy Survey

« Study Dark Energy using

4 complementary techniques:
|. Cluster Counts
ll. Weak Lensing
lll. Baryon Acoustic Oscillations
V. Supernovae

« Two multi-band surveys
5000deg? g, r,i,z, Y r<24
40 deg? repeat (SNe)

300,000,000 photometric
redshifts within a volume
of 23 (Gpc/h)*3, outtoz=2




Dark Energy Survey Organization

(DES)

DES Council

Over 100 scientists
In the US, UK, Spain
and Brazil

FNAL, NCSA, NOAO
H. Montgomery
T. Dunning
T. Boroson

DES Management
Committee
J. Peoples, Project

Director

|

|

|

|

DECam Project CTIO Improvements Data Management : .

B. Flaugher, PM A. Walker Project SC'eUC'e: r(fem:lttee

T. Abbott, DPM Blanco Scientist J. Mohr, PL O (3hs0

W. Merritt, DPM T. Abbott C. Beldica PM '

|
Science Working Groups
Clusters Supernovae || Weak Lensing || Galaxy Clustering|| Photometric Redshifts Simulations
J. Mohr B. Nichol B. Jain E. Gaztanaga F. Castander A. Kravtsov
T. McKay || J- Marriner S. Bridle W. Percival H. Lin A. Evrard
New Study Groups:

Combined Probes, Strong Lensing, Galaxy Evolution, MW Archeology, QSOs




The 5 lenses are now being
polished

Polishing & coating
coordinated by UCL (with STFC funding)



DECam

 To meet the DES science DECam Focal Plane
requirements, within the A
allocated time period DECam
must have:

* 3 sq. deq. field of view
» excellent image quality
* red sensitive CCDs

* g,r,i1,Z,Y filters 8 2k Alignmentfoous CCDs

4 2kx2k Guide CCDs




Synergy with VISTA
DES recovers V in VISTA!

VISTA Hemisphere Survey (VHS), Pl: McMahon



DES Area and Depth: Synergy with South Pole
Telescope

« South Pole Telescope (10m,

bolometer array, 150, 2
GHz):
* 4000 sq. deg. survey S e A o e i
* Detect ~10,000 clusters S
through Sunyaev-Zel'dovich
effect

« Dark Energy Survey:

measure photometric R |
redshifts for these clusters L
toz~1-1.3 —r

.......



DES Forecasts:
Power of Multiple Techniques

w(z) =w,+w (1-a) 68% CL

BAO
Clusters
WL

SN
Combined

dw /da

w.=

| Ma, Tang, Weller

-2 -1.5 -1 -0.5 ¢

FoM factor 4.6 tigther compared to near term projects



Photo-z —Dark Energy
cross talk

- Approximately, for a photo-z slice:
(dw/ w) = 5(8z/ z) = 5 (0,/z) NJ?

=> the target accuracy in w

and photo-z scatter o, dictate the number of required
spectroscopic redshifts

N, =105-106



DES (5 filters)
vs. DES+VISTA(S filters)
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DES+VISTA would improve photo-z by a factor of 2 for z> 1

Banerji, Abdalla, OL & Lin 0711.1059



LRG - photo-z code comparison
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Comparison of P(k)
from two photo-z methods
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Comology-halo parameters cross talk
(cluster-gal, gal-gal, )

G. Hitsi and O. Lahav: The cluster-galaxy cross-spectrum ArXiv:0810.1229

N, s (¥ . ,~
A T : (ﬂ) if - m> "
o, 7l yasy (Nglm) = ¢ \m) e
pands s A 0 if m<m®™,
h 0.7 T ' §
Gg Dcé:

68% contours

W
a

Lo
In Mg

025027025004 005065 07 0750508509 11105 05 0 05 25 26 09 095

€2 L2, h Og W, w_ In Mg o o

e

05&000 0




Growth of structure from low-z
SNla peculiar velocities

Ao | CDM prediction
e DGP prediction

f=dlnd/dna = Qp(z)

0.8

Vo= ().55 LCDM |
v = 0.69 pcp 4

0.2F

Measured:

~ = 0.72 + 0.21

1 1 1
0.1 02 483 0.4 0.5
m

Abate & OL, arXiv:0805.3160



Summary

* Goal: Dark Energy parameters
to a few % level
*DES: observations to start 2011

*DES output as input to
LSST/JDEM/Euclid

*Non-DE science with DE surveys

(e.g. Neutrino mass, galaxy evolution,
MW structure, QSOs)



