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Density maps

e.g. with a Bayesian approach (including MCMC, 2LPT), infer
initial conditions and matter distribution from SDSS (Jasche,
BEslERCEEld NS Leclercg et al 1150
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Inclusion of phase information

A related maximum probability approach can be used
very nicely with gravitational lensing: Szepietowski et al
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Phase prior maps
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(a) True convergence in the simulation.
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(c) Maximum-probability, including phase information.
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(d) Convergence estimate from galaxy positions.
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The Dark Energy Survey

1E 0657 h6 [aka the Bullet Clust;er 7= 0 3)

" image by Eric Suchyta A .' : AN L. : _ Sl || X‘QQ aremin.

n=10 per sq arcmin



The Dark Energy Survey

1E 0857 06 (aka t:he Bullet Cluster, z=0.3)

Y s
|mage by Enc Suchyl;ﬁ

Shape fitting of galaxies - ngmix, iIm3shape



Mass maps around clusters

Melchior et al |5

Convergence maps Accurate photo-zs provide
inform about DM environment - high-res structure
density, morphology information



Larger Sca‘e maps Vikram et al |5,

Chang et al |5
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Visible and dark matter
correlation

Chang et al |5
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Correlations agree well with N-body simulations



Systematics tests

Vikram et al |5
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Applications:
Finding superstructures
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Measuring bias

Lensing



roughs

Projected galaxy count map, find most underdense columns:
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lopology measures
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Galaxy - dark matter connection

log M,=[10.5,11.0]

DEC

Lahav et al |6

-55

-60

0.52<2<0.7
- L

65 70 75 80
RA

High

v v Low
&5 20

Environment

log (SFR yr/M.)

morph class

log n (Sersic)

-10

-11

0.6

04

02

|

L

1 1T

|

|

IH“I

[ I

[

10 11 12

log £/Mpc?

13

10 11 12 13
L R
- I Sab E_ - ‘I\ { -
| =, O | gl=r9) |
10 11 12 13
| ! | ! | ! |
i old red { )
i blue AT
| I T | E’l ] {l
10 11 12 13

Wolf et al 2009



lesting gravity

e.g. chameleon mechanism: Lensing
doesn't feel
fifth force

(Galaxies
feels fifth force
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Lensing maps from the CMB

SPT lensing convergence Planck lensing convergence

AR S b,

Y L
- » y
. ™ F‘A’
GREEH

Ade et al XV 2015 LS e
DES shear correlation 6| KoamX e

) 0.3<z<1.3
with CMB convergence i

3 sigma detection

Sensitive to dark Universe —af

DES x Planck

alone! -6 DES x SPT

0 200 400 600 800 1000 1200 1400 1600

Kirk et al |5 ‘



ensing maps from the CMB

Main galaxies 0.2 <z, < 1.2
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Large-scale maps

“All-sky” maps will be very interesting - large-scale anomalies?

e.g. CMB dipole and radio dipole amplitude differ by factor of 4/
(Rubart et al | 3)

precission of radio dipole direction; efficiency 50%
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Large-scale maps

Eg parameter,

21 cm lensing at
Epoch of Reionization:

Pourtsidou 2015

sensitive to theory of gravity:
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Conclusions

* Probabillistic mapping is very valuable for understanding large-scale structure.

* Lensing and galaxy counts can be combined for better map fidelity and bias
estimation.

» Systematics maps give important information about spatial fidelity of a survey.
* Maps allow new spatially-dependent statistics (troughs, topology)

 Count and lensing maps allow studies of astrophysical environment and
spatially varying gravity theories

» Large-scale maps will be an exciting test of the foundations of cosmology.



