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QU TLINE

Dark Energy is a crisis in fundamental physics

The Dark Energy Survey ‘counter-crisis’ approach

DES new instrument: the Dark Energy Camera

Telescope simulator tests for DECam

lelescope simulator integration tests: results & impact
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DARK ENERGY IS A CRISIS IN
FUNDAMENTAL PHYSICS
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This is how well we wo = — 0.93 £ 0.12
know Dark Energy > > wi = + 0.38 + 0.65

today.
(Un — 0572 ==ENP:

(Komatsu et al. 2010)



THE DARK ENERGY SURVEY
‘COUNTER-CRISIS APPROACH
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~ ASTROPHYSICAL
OBSERVABLES

redshift _

z= AN

Dr(z) Luminosity distance: ———

standard candle

. supernovae (SNe)

L

s <

D4(2) ﬁnlgular diameter distance: standard ruler

on acoustic oscillations (BAO)
3. weak gravitational lensing (WL)
(and also Clusters)

G(p,z) Growth of structure:
galaxy clustering

4. galaxy cluster abundance (Clusters)
(but also BAO and WL)
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DARK ENERGY SURVEY®

Survey p

5000 sq deg grizY to 24th magnitude, * Overlap with- SDSS equatoria

seeing ~ 0.9 arcsec 4 pe Sz ior calibration (200'sq deg

30 sq deg repeat (SNe) £ Se B LT Sy (T 0 edllod
525 nights: 2012-2017 )¢ .. 00'sq deg
Overlap with SPT and VISTA surveys 0° (4 u:. : deg NN

DEcam
3 sq deg FOV, 570 Mpix optical CCD camera

Facility instrument for CTIO Blanco 4-m telescope in Chile

First light: Jan 2012
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3 ——

3o | 5000 deg?, 0.9" seeing,
= | 24™ mag (redshift~|.4)

Combined

300M galaxies, shapes,
| OOK clUsteER RS

4 combined probes

3-5x iImproved Dark
Energy measurement

3 — .
2 1.5 | 0.5 0

JE

Marcelle Soares-Santos ¢ DECam telescope simulator integration tests & TIPP 201 | & Chicago, June |3 201 | #
8

o



" DES TIMELINE

BI=E@am

Oct 2010 - Feb 201 I: tests
on telescope simulator > [

Survey

Fall 2010: PRECam survey
collected calibration data

2011-2012: Calibration
pipeline, survey strategy
development

Mar-Dec 201 |: integration,
shipping, installation

Jan-Apr 2012: commissioning

Sclence

mid-2012 onward: available
for DES and community

DIESpEE

Concept for a wide-field
spectrograph to follow up DES

Spring - Summer 201 I:
Continued development of
analysis framework and
simulations

Fall 201 I: Blind Cosmology
Challenge
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DES NEW INSTRUMEN T
THE DARK ENERGY CAMERA
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DECam will
replace the
current Mosalic
camera on the
CTIO 4m
telescope in Chile.
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DECam will
replace the
current Mosalic
camera on the
CTIO 4m
telescope in Chile.
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CCD focal plane is housed in a vacuum vessel
(the imager)

LN2 is pumped from the telescope floor to a heat
exchanger in the imager: cools the CCDs to -100 C

CCD readout electronic crates are mounted
to the outside of the Imager and are actively cooled
to eliminate thermal plumes

Filter changer with 8 filter capacity and shutter
fit between lenses €3 and €4.

Hexapod provides focus and lateral alignment
capability for the corrector-imager system

Barrel supports the 5 lenses and imager
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DECAM CCDS

Red Sensitive CCD wafers, designed by

LBNL, processed at DALSA and LBNL:

I/ ~ QE, LBNL (%)
,// = QE, SiTe (%) \ \\

— QE> 50% at 1000 nm

— 250 microns thick

o3 B8 588 d888H

— readout 250 kpix/sec
— 2 RO channels/device

CCD production testing 2x4

— readout time ~ | /sec

270 total

Cand

CCDs are

packaged and

tested at Fermilab.
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TELESCOPE SIMULATOR
TESTS FOR DECAM
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Platform for testing
DECam operations and
installation procedures
prior to shipping to
Clne

Full system tests,
including a mock
observing run.

Imager with 24 CCDs,

e, B a!
filter changer, shutter, 3 j 7 Sl
N2 COOling, Tel(\asc//Y e Simulato

CCD
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CCDs installed:

21 2k x 4k

B¢ <
(guider; focus)
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" POSITIONS VISITED

full measurements at

0,90 and 131 degrees: 0 degrees »
Imager service position

45 (FCM service position)
b quick checks

— filter reposition test

— photon transfer curve for
shutter linearity test and noise
— hexapod x,y,z movement

— hexapod tilt movement

— about 2 days at each angle 131 degrees

117 degrees
/ (quick checks)

quick checks at 45 and
117 degrees:

— quick check of projection
system through the filter
— about 30 minutes in each angle

90 degrees
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M
y -:.-.:-:; ............................................. 1
e ][] €—Projector
---- —
— — focal plane can be moved

inside the cage using hexapod
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SOF TWARE: SISP

Focal
Plane
Telescope
' Control
mage Image System
Acquisition and Stabilization
Focus (Guider)
Observation
Control
System

SISPI Component

PSRN the [DECam
data acquisition mage

Building and

eeaEeontrol e
Shae.

External Component

A\

Commands, Telemetry
Instrument
Control
System

Data Flow

e

Cloud
Camera
Data
Transfer
System
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4 mock nights on Feb. |4-18
8 observers (2 per night)

|0 experts providing support
400 images taken

main survey
and
modes exercised

valuable
from observers

. B ¢ ol auto-pilot
fmprovementso S\ - softvvarl:e, tested
implemented In \ é’ o =

real time \ . 2
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TELESCOPE SIMULATOR
INTEGRATION TESTS:
RESULTS & IMPACT
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" RESULTS:

TEMPERATURE STABILIT T

lemperature

[GES

un|

Ld
o

dle and

EIfE

geress the
focal plane.

o o .
:‘ T-lﬁlﬁlflg
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temperature stability
+/- 0.25 C requirement
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easily meets the specs

| —
—1 - | 1 | 1 | 1 | 1 | 1 | 1 | 1 1 | 1
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Detall of the observed hits in a 390 sec (6.5 min) dark exposure of the
imager. Green rectangle corresponds to an areas of 183,592pix (0.41cm?2).

Specs: Internal charged particle rate < 5 events/cm?/min
Measured: 2.7 events/cm?/min
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forced vibrations

. w Cl s e LR L) 1. 1am L e by L . 2m

We read out the CCDs while illuminating with a pattern of dots.

Fach dot leaves a trall aligned with the direction of readout. When vibrations occur, the lines wiggle.

Results are consistent with measurements from accelerometers and easily meet specs.

S
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RESULTS: CRO \

Source: 35_R Victim: 35_L Corrected Victim 35 L

600 600

s00 B

400 400

300 300 B
200

100

400 500

400 500 200 300

100 200 300

0 100 200 300 400 500 100

No measurable
: crosstalk between
i boards.

N 1—%}3000 0 ]01% 00 20000 30000 40000 50()0&' 6'360 0 70000

Source (ADU)
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RESULTS: FLATNESS

I
Small (~60 microns) -
imperfections

e
mapped In the -
focal plane. B

K

Meet specs, but
improvement In

flatness will be g w K
made for B mp ‘

the next stage.

—~
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" RESULTS: HEXAPOD

[

o o o o
v o B e

(¥}

eXapoC
repeatabillity:
1 2 3 4 5 6 7 reSPOSitiDOn # 10 O . 2 p ixe | S

CCD-x (pixels)

& &
-

0.6

llllllllllllllllTlllllllllllllllllll
| —————]
—
—/
—/
—//

—

 I—

lllllllllllllllllllllllllllllllllllllllllllllllll

ST

1
038
06
04
02

0

(S MICFemS]

02
04
0.6
08

CCD-y (pixels)

| 1 H Veasured at all
DOSItIONS.

Trrprrryprrryrerprrryprrryrrrgyerrryprregyred
St LALE LAY LAY LRI RLRE LLRE LR LRLN RLLD
—
c—

U
—

| I N - | I | I - .| .|
1 2 3 4 5 6 7 3 9 10

reposition #

‘ Marcelle Soares-Santos ¢ DECam telescope simulator integration tests & TIPP 201 | & Chicago, June |3 201 |
28

JE
B



RESULTS:
FILTER CHANGER

Image_bkp1345 11jan2011 6 00016016.fits[37] Image_bkp1345_11jJan2011_6_00016022.fits[37]
4000 4000
3500 3500
3000 3000
2500 2500
2000 2000
1500 1500
1000 1000
500 500
Ob 500 100015002000 00 500 100015002000

mages of dots projected through a pinhole move

ess than one pixel after filter repositions.
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" CONCLUSIONS

Installation platforms and procedures for
handling the imager safely in Chile were
developed.

Imager integrated with shutter, filter, hexapod
and cooling system shown to work reliably
and meet specs In all orientations.

Major effort in software integration.VWe now
essentially have the software we
f=—alictencrate DECam in Chile.
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BACKUP SLIDES
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DES SCIENCE: SN

T T v rrrrrrr v T LN A A A Al |

: /’ 0-2
44} High-redshift (2 > 0.15) SNe ¢ }’,' mmiimi w' = _1 .o
i « High-Z SN Search Team T
42 i o Supemova Cosmology Project 0.15 DES Statistical Errors
----- w'=+1.0
40 = Loweredshift (z <0.15) SNe
001

» C1A & other SN follow-up

Distance Modulus (m-M)

38 o CalarvTololo SN Search -
- — 0u=03 Q.=07
' e = 0.05
36 ——0,=03. Q,=00 4000 B
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0.01 0.10 1.00 Redshift
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o
()

DES expected sensitivity. Large and deep

First results: ~ 100 SNe. Measured w.
sample for measurement of w(a).

(RISt cRe el 906, Perimutter et al. [1999).
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DES SCIENCE: BAO

Comoving Separation

(h-' Mpc)

-—1 1 ] I 1 1 ‘ 1 1 1 1] -]»— 1 1 l 1 ' I ] T -
33 mm™—m—r———r———7—7— ]4 :__ Z — 03 __"__ Z - 0.7 _;
0 11 e mean * ; " 1 " ]
+ Qh% =0.12 [ . .
l M - R = 4
0.03 B 2 _ — = - T ]
) \,  ™-os—3! Iphotometric/s . ~ E
B A\ Qh? =0.14 — -
N\ e — 11 Fredshift~0.7
: 0.01 ‘ | : ‘ :
e g T . =
- 0 ‘f- . _:_ % : . - Y { ! — |
w 1.4 |- z. = 1.1 .
0.1 4 -0.01 l T 1 BOOM - !
' o) 00 ) s 13 - =
) | = - ]
0.04 \\ g XS ‘\\)\ 1.2 :‘ ]
, s T F 7N |
0.02 \ o VAN
Nida, NG
0.00 SDSS data iy, S GBS W5 o -
(:()lj' —d. ""*:”T* e 'vj‘ —d “"*ﬂl‘““"*“ m— 1 11 l 1 11 ‘ 11 1 1 '-: 11 l 1 l 11 1:
S s 0 100 200 0 100 200

Multipole Multipole

First results: mean spectroscopic
redshift ~ 0.35. Measured {2,
(Eisenstein et al. 2005)

DES expected sensitivity. Can measure

w by probing deeper.
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DES SCIENCE: WL

e 5000
210t HEERE N\ A d 104}
1010 - 1 ECHIIRRE Sq eg
s0105 | PO - & N e A e L T T
Josown T IR ST &
it < 10
w0105 | 300M &
®<>- ! le -‘.? —~—
20107 F O 1z, B mode - -
0010° o114 Regocomstasseate- _ P <1 Dashed: w-= ~0.9
S B (2 CFHTLS data | . ' '
) 1 ‘ N ‘110 T 12)0 ) 9 10¢ 163 10¢
6 [arcmin] Multipole (/)
Current results: 54 sq deg, 24th magnitude. DES expected sensitivity. Source galaxies in
Measured () Fu et al. 2008). first bin only. Can measure w by going wider.
m
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DES SCIENCE: CLUST

T -
o maxBCG Counts 3
Modeled Counts
2 1000 1 . v T
- T
3 » . Q, =0.7,0,= 0.90
. g N yz=0.05
o - ¥ I 1 <
W + ANN
3 100F W 4 _
(&) C - o ~ NN\
| [, 00,000 § -
{ : ’ 3 : " E
SDSS data L S |
nL x
L . - clusters i
10 100 .k
§ 10 : I
4 - T 3 s =
¢ Weak Lensing Masses _ Z ©
— e Modeled Mean Mass IS
® 15
= 107F -
pa— 4 1 E— 3
w 1 E
o ] t
= $ ] = | P |
‘:_‘; 7§ J 5 L ) A 6 .
7 { ] s [ w=-0.8 ~
O = 0F = 7~ w=-1.0 ]
Bk st -
= Y o L
10™ - 0 1 2 3
- - B Redshift (2)

Richness (Njg)

DES expected sensitivity. Measure

Current results: 6000 clusters, z ~0.35 w with deep & wide survey,

Measured 2, (Rozo et al.2010)
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-1.0

|
_1 5 - 'l —
- | -
| With all systematics I )
|
. i / SNLS3 -
1 /
| v 7 _
—200 L1 1 1 L1 11 1 l 1 1 1 1 L 1 1 | - l 11 11 1 1. 1 1 1 l L1 1 L1 1 1 1 1 l 11 11 1L 1 1 1.1
0.0 0.1 0.2 0.3 0.4 0.5

Limits on ACDM model (Sullivan et al. 201 |). Not using: Clusters, WL
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" CURRENT LIMITS

Constraints on the two

parameters of the dark
energy equation of state,
in a flat universe.

(Sullivan et al. 201 1).

Not using: Clusters, VL.
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CAN'T WAIT!?
STUDYING COSMOLOGY

IN THE SDSS COADD
(AND PREPARING FOR DES)
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THE SDSS COADD

CAMERA

DSS

270 sq deg area. *
+ repeatedly observed
in search for SNe
(8 yrs of data) .,

Coadded data -
higher S/N  »
deeper images
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" COADD: DATA

Spatial variations in # of ' o , , =
2/5 S deg images coadded (depth)

| 3M glxs

100

:
ugriz-bands ;O
24th mag 2"
z~08)

2% photometry g e—

Completeness function example

Seclng pdlBs
Limiting mag at 50% completeness

6 glxs per sg arcmin
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COADD: PHOTO-Z

Example of galaxy spectra
?: | S — p— 1’ Y l,_' — 'z -
g ﬂ ,ﬂbv\
: WW M Neural
: bl v Y —
3 . V Network
: |
S s
8 ?qog:om L’\
'E
;‘; llh& ot z=1 spectra Survey
3005 06" 001006 70063006 5000 10050 1000

Woveiength (Angsiroms) 72.239 SDSS DR7

Challenge: Tell the redshifts by 17,677 CNOC2
looking only at the area under 656  WiggleZ

igEillle@elrves, not the spectra. 7,766 SDSS-III/BOSS
6,975 DEEP2

Collecting spectra from 55537 VVDS

all surveys for our training set. 2SLAQ

Photo-z estimates validation:
error < 0.04 for z<0.8
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COADD: WL

3x10-5 LA

2%10- |

§c ond &,

ll'l L] L] IUUU'UI

E mode: block = §;
B mode: blue = §,

points = whole somple (0.05 deg bins)
errors from jockknife of camcols
lines = overoges of jockknifed somples -

Shear-shear correlation
function and power spectrum
preliminary results.
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Pseudo power estimator from FFT

Quadratic E. of ML (Hu & White 2001)




VT first run: cluster
candidates detected in photo-z shells

‘ T 7 —— .
Dec| | . TN Az =201
e R A vl
e tasf A SR
: L e
VT second run: L 3
boxes centered at o in

each candidate allows to
eliminate false detections
due to projection efects
and edge effects.

NSCJ155821+271549 (z = 0.13)
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~ CLUSTER SELECTION®
FUNCTION

Completeness
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" CLUSTER MASS
FUNCTION

T T T ; By applying the VI cluster

' ' finder on mock catalogs, we
can measure the selection
function for the Coadd

catalog.

VWe apply that selection
function back to the cluster
number counts to obtain the

4 I N Lo 4 a1 p
136 138 140 142 144 146 148 150 MAass ]CUHCJEIOD.
Log M/h™'M_
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Log N(>M,0.9<z<1.1) per sq deg




COADD PROIECTED &
LIMITS

090, -+ r 7 -t c T TrTrTroTrIpTOTroTroTqo-
clusters

-0.95: -

= -1.00: R
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QIII

First measurement of w from Confirming measurement by CFHTLS
optically selected cluster abundances alone. group. Applying a new method.
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" SUMMARY

/da

ot 30%

300M galaxies
100K clusters
300M shapes
4K

2 5000 sq deg
24th mag (z~1.4)
seeing~0.8"

w dw

5%

BAO

Clusters

WL

Combined

2 1.5
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In this talk we have...

reported on the status of our
SDSS Coadd cosmology analyses.

discussed how DES will allow for
outstanding new measurements
of dark energy.

argued that by analyzing this state
of the art data set similar to

DES, we can improve the current
imrits while getting ready for the
UPCOMING survey.
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Time
(~15 billion years)

ACCELERATED EXPANSION

-
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% Dark Energy

N
Accelerating \\

expansion
% 3
%, Farthest & Cold Dark Matter
Slowing ” supernova \
expansion | Radiation
Inflation
e
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_E_x_p;‘i_ndinQ universe

a/a = —(3p + p)

energy content
(equation of state)

spacetime geometry
(scale factor)

A5
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QUANTUMVACUUM S &
& DARK ENERGY '

fractional energy densities '

(., Matter energy density Ha =17 G ‘
{2, Geometrical curvature W~ ——
24 Dark energy density, if vacuum, wg = w = —1, w, = 0

cosmological constant (A)

This is how well we Wy =— — 0.93 =£0.12 Equation of state consistent with
know Dark Energy »>» »» cosmological constant !
today. Combining Wy = 0.38 = 0.65

multiple probes What about the energy density?
(Komatsu et al. 2010). QA = 0.72 = 0.02 Ask a theorist...
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- COSMOLOGICAL
CONSTANT PROBLEM

Simple calculation: 24 = 10'%°
Well, that can't be right.

hrough some not yet
understood mechanism
(symmetry?) the vacuum
energy Is cancelled and €2

G : >»>» Well, that can’t
s Identically zero. be right either...

We have measured >»)>» QA 2~ (.7
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ARART N A P . X { P WL '7  4 ? s e
TRLLARRY TS =k Pt < ' P s
» 1, e ot ¢ RS e o D e Py ‘:,"
R et S L ] oy kAR »
SESSaaa P &
Sy . i &
-

Puzzle #1:VWhy so small?

Puzzle #2:VWhy so big?
Puzzle #3:VWhat Is the Physics!

— —

The nature of dark energy Is arguably the most profound
and outstanding problem of fundamental physics.

<" Marcelle Soares-Santos ¢ DECam telescope simulator integration tests & TIPP 201 | & Chicago, June |3 201 | #

S50

R <




CURRENT LIMITS

2.0

Limits on ACDM model (Kowalski et al. 2008).
Not using: Clusters, VWL

1.5

b
A 1.0

0.5

Q
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CURRENT LIMITS

Constraints on the two
parameters of the dark
energy equation of state,

—4 ~ coscesesse S + BAO \ \ b ;
SNB . \\ \ in a flat universe.
p—— . N \ :
N + CME A -} (Kowalski et al. 2008).
| SNe + BAO + CMB N
" Not using: Clusters, VL.
-2.0 -1.5 -1.0 -0.5 0
w
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DISTRIBUTION OF
GALAXIES

Large scale structure
in the northern and
southern slices of the
SDSS main galaxy
redshift sample.

The slice1s 2.5 DT s
degrees thick and AR g
galaxies are color B Tk R
coded by luminosity. S
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STACKED SH EAR
ESTIMATOR

1 Z Wi S <Zc
QR Z u/l’s

NI —

4

estimator

1 —(2’ i h)2
source redshift probablity P(25,) = 5l ( 8202 E
h

dastribution p

< E;rtt > Z Azsip(zsi)zcrtt(zs y 2l; )
i=1

SDSS North 1s done, what’s left?
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SDSS North Stacked Clusters
B =7 =)

1015_

~ 10" -
@ =

=

.:=,

71 & Nggy & 220 é&:

1 1*9' r v
0.."’ 1013_ _:
’f11‘
0.1 1 10 | 0.1 1 10 0.1 1 10 0.1 1 10 1012 i N =% . . g : '

R [h™' Mpc] 10 100

Naoo

Y Zerit = 2(< R) — Z(R) = AX

Sheldon et al. 2007 Johnston et al. 2007
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TANGENTIAL SHEAR

0=0°
ol e =07
= e S——
A.'{ S g / =0 N Z 7 9=45
\—wnl R € =0

'. \ 6=0.7

e =-0.7
€=0

p
¥ C 2 D s =
.t J— H ' 1— 2
'’ 47I'G DIDIS _ Point oo

one galaxy ellipticity is a noisy shear estimator,

need to average over many galaxies

1 ) . wie,
flo=— '
IS

(shear estimator)
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-1.25
~1.50
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STANDARD STARS

SDSS Stripe 82
r=145-2]

 # density ~ 4000 / sq deg
* area ~ 250 sq deg

PreCam

SRt 5-) 3

* # density ~200 / sq deg
* area ~ 500 sq deg

9 )

Southern u’gr’i’z’ Standards
o r=9-18

* # density ~ tens per field
B a5l 5.5 [ields
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CAM IMAGE
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PreCam: a "mini-DECam,” camera developed & built at ANL

® Science motivation for pre-survey observations with DECam hardware:
— 0.01 calibrated stars/image w/o PreCam, ~1000/image with PreCam

- reach 2% photometry requirement faster, and better chance at 1% goal
— possible 10% savings (~$1M!) in telescope time

® Test-bed for DECam hardware, software, and observing strategies
® PreCam science run and First Results, ~500 images/night

® From FNAL Director's Review: "Data from PreCAM plays a key role in the
calibration.” It is “imperative that PreCam...be finished before the end of the
2012-2013 observing campaign.”

adaaa o sl o sl aan il ! A
! -

'/_L_.\ .

i¢_¢
-

PreCam i - Standard |
PreCam Grid overlaid on i-band comparison to  Kyler Kuehn (ANL) and Jorge Briones

DES Footprint, with USNO standards on (CTIO) during camera installation (Aug
Standard Star Fields equator, 0=2-3.5% 30, 2010).

S DOE Lab review, May 24-26,2011; K Byrum 3
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