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OBSERVATIONAL PROBES:
INITIAL VIEW

Some observations constrain expansion history
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constrain growth Some care about time

history part, some +space part
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DARK ENERGY SURVEY

|PHOTOMETRIC SURVEYS
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DARK ENERGY SURVEY

SPECTROSCOPIC SURVEYS
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THIS TALK: YEAR 1

e

DES et al. (2016)



DARK ENERGY SURVEY

CTIO, Chile
5000 sqg degree
map, 8 billion ly =~ ~
deep, i~24, 5 filter 5/0Megapixels, 3 sq deg field
bands (grizY) 0.26" per pixel




GRAVITATIONAL LENSING
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galaxy cluster

\ === lensed galaxy images
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distorted light-rays
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Allows detailed ‘view’ of inhomogeneities



STRONG GRAVITATIONAL LENSING
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MODEL PARAMETERS
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Need to be very caretul
about lens modelling Collett et al 17



PREDICTIONS

2 halo
Collett et al 17




WEAK LENSING

Small angle deflections and gradients of deflections
(iImportant to examine assumptions):
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RELATION TO POTENTIAL

Introduce lensing potential 4 = [g(z)(\;[!(z) + ®(z))dz

Potentials Iin perturbed

G t
eometry R
Also Introduce = 6)1 -+ 282 NB spin raising and lowering

Then

NB both “and
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THE MEASUREMENT PROBLEM

shear
 —
smea red

isotropically

by atmosphere

dragged by-

telescope
Measure PSF smearing

from , tit for shape in
presence of PSF
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S o

Normalized counts

DES Y1 WL

« MetaCalibration (Sheldon & Huff 2017)

« 34.8 M galaxies

» self-calibrate noise and selection bias

. ImBShape (Zuntz et al. 2013)
* 21.9 M galaxies

« maximum likelihood fitting calibrated with

sophisticated simulations
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Wide-Field Mass Maps

i . A Curl-free: signal
Yom = VE tm T UYB.tm

2 _ 42 4 _
Doy = 8 eﬁ?zzeleg 1 [(e+2)(e=1)
2] 2\ e+1)
Kaiser & Squires 93

Divergent-free: noise



THE NEW

DARK MAT
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Chang et al 17



THE NEW DARK MATTER MAP

DM distribution
inferred from

30M galaxies
Chang et al 17
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RELATION TO GALAXY CLUSTERING
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DISPLACEMENT AND

POTENTIAL MAPS
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LENSING AND CLUSTERING STATISTICS

2\ Sensitive to matter power
spectrum, geometry

9HEO?, /* dx(xs —x)? Ps(l/x, x)
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Sensitive to matter power
spectrum, geometry, bias
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COSMIC SHEAR RESULTS

ey By Troxel etal 17
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BEWARE OF BARYONIC EFFECTS AND INTRINSIC
ALIGNMENTS - SEE MARIKA ASGARI'S TALK




MEASUREMENTS: GALAXY CLUSTERING
AND GALAXY-GALAXY LENSING

ELVIN-POOLE+; PRAT, SANCHEZ+

Lens galaxies: redMaGiC LRGs with high-quality

photometric redshift estimates (Rozo, Rykoff+2016)
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COMBINED RESULTS




COMBINED RESULTS
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High redshift: Planck
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COMBINED RESULTS
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COMBINED RESULTS

Planck No Lensing

DES Y1

DES Y1+4Planck No Lensing
DES Y1+Planck+BAO-+JLA




DENSITY SPLIT STATISTICS

Projected galaxy count map, find columns of a given range in

porojected density. Measure lensing due to these columns.

Gruen et al 17
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Are these predictions sensitive to back-reaction?



SUMMARY

- Strong lensing studies allow detailed look at inhomogeneities; lens
modelling needs great care.

- DES weak lensing has added a precise measurement of structure in
the evolved Universe

- Competitiveness and consistency with Planck CMB in ACDM,;
mild offset in the direction of e.g. KIDS

- Precise joint measurements close to Q2 _=0.30, 6,=0.80, w=-1.0

- Systematics in shape measurement, small-scale baryonic effects,
intrinsic alignments need great care.

- Density split statistics may be of interest to the back-reaction
community - please calculate what is expected in your models.



