Statistical analyses
of the density field
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Correlations & Stacking

(65 X) 5g = <ZZ> 1

(0g0g) density ———>  clustering
(0g Vt) shear ——> mass

(0 mQSO) magnification —>  MdsS

(99 C@so) reddening ————  dust
(0g F'x) flux decrement —>  gas, metals,

10n1zation



(0g X)

X : magnitude, color, ellipticity, flux decrement, etc.

0 : galaxy, LRG, QSO, group, cluster, absorber, etc.

(0g0g) density ———>  clustering
(0g Vt) shear ——> mass

(0 mQSO) magnification —>  1ass

(99 C@so) reddening ————  dust
(0g F)) flux decrement ——>  gas, metals,

10nization



Density field characterization
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Coles & Chiang (2000)




Fig. 1. Numerical simulation of galaxy clustering (left) together with a version
generated randomly reshuffling the phases between Fourier modes of the original
picture (right).

Coles & Chiang (2001)
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Images from http://www.asiaa.sinica.edu.tw/~lychiang/index/node8.html
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Level 1 Data Products Overview

DATA MANAGEMENT
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557

LSST: 6.7-m survey telescope on Cerro ===

Pachon in Chilean Andes
Telescope will be dedicated to imaging survey, and will operate

LSST Site
SOAR Gemini (El Penodn)




3-Mirror Design gives 9.6 deg? field of view 557

Large Synopiic Survey lelescope




Large Synopiic Survey lelescope

in 2009

Primary/ Tertiary was cast




Grinding/polishing will be complete next year ISST

Large Synopiic Survey lelescope
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3.2 gigapixel camera. 9.6 deg? =74

Raft Tower

L3 Lens

Shutter
L1/L2 Housing

Five Filters in stored location
Camera Housing




A Filter System similar to SDSS (+ y band) ISST

Large Synopiic Survey lelescope
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Site has been levelled.




557

Large Synopitic Survey felescope

30 m diameter dome 1.2 m diameter
\ ... atmospheric telescope

< a . . f . ) a e
~ " Control room and heat TN g
producing equipment
(lower level) Ai
e

1,380 m-< service ahd
maintenance. facility | Calibration Screen

"
Stray light and ARG

Base Facility 350 ton telescope

Includes the facilities, and hardware to collect the
light, control the survey, calibrate conditions, and
support all LSST summit and base operations.
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AIm_ost 200 30-sec visits in r across the [EST
sky in ten years.

3 |
B N
G G OG G 00

Equatorial coordinates; Based on LSST operations simulations 14



LSST: A dedicated 10-year survey LSx357

ge Synopitic Survey lelescope

* Main survey will cover 18,000 deg?in Southern
Hemisphere, ~1000 pairs of 15-sec exposures
across 6 filters.

* 50 point-source depth after two exposures: 23.9
(u), 25.0 (g), 24.7 (r), 24.0 (i), 23.3 (2), 22.1 (y)

* Depth at end of the survey: 26.3 (u), 27.5 (g9), 27.7
(r), 27.0 (i), 26.2 (z), 24.9 (y)

» 32 trillion observations of 38 billion objects




An introduction
to gravitational lensing



The World: Population Density, 2000

i jection
Based on 25 arc-minute resolution data

Gridded Population of the World
Persons per km’

0 ' :
|:| S-24 Copyright 2005. The Trustees of Columbia University in the City of New York.
- 25 - 249 Source: Center for International Earth Science Information Network (CIESIN),

B Columbia University; and Centro Internacional de Agricultura Tropical (CIAT),
- 250 - 999 Gridded Population of the World (GPW), Version 3. Palisades, NY: CIESIN,

Columbia University. Available at:  http://sedac.ciesin.columbia.edu/gpw.
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Basics of gravitational lensing

o [
General Relativity => 0.=4 GM /2 &
N : /N
Dis . o : by defining: aa=a . D,/ Dy ,
A we get the lens equation:
g 60bs= Brea T A
o ;
0 When the observer, the lens and the source are aligned: =0,
D, the apparent image has a characteristic value: the Einstein radius
1/2
g 4GM d LS '
E — :
c? d L d S

Observables: position change, distortion, magnification
Lensing can probe M over 20 orders of magnitude!



Lensing induced by:

e Stars

e Planets

e Galaxies

 Galaxy clusters

» Large-scale structures

Applications of lensing

(4@3[ d; s )”
fr —

c? deS
1/2 —1/2
0. — M deS/dLS ' ‘
£\ 1omena Gpc e
For
* M~ 1 Mgun

e an effective distance of ~ a few kpc,

we find: Og ~ 1073 arcsec

—>microlensing



Lensing induced by:

o Stars

e Planets

e Galaxies

 Galaxy clusters

» Large-scale structures

Applications of lensing

Event 1

570 580
days from 2 Jan 199Z

MACHO team




Lensing induced by:

o Stars

e Planets

e Galaxies

» Galaxy clusters

 Large-scale structures

Applications of lensing

Magnificalion

Magnificalion
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Lensing induced by:

e Stars

e Planets

e Galaxies

 Galaxy clusters

» Large-scale structures

Applications of lensing

1/2
o _ M - [(drds/drs
£ 103 My Gpe

For
® M ~ 1012 Msun
e an effective distance of ~ 1 Gpc,

we find: Og ~ a few arcsec

—trong lensing

—1/2
) arcsec



Lensing induced by:

e Stars

e Planets

e Galaxies

 Galaxy clusters

» Large-scale structures

Applications of lensing

0211+1139 .,

0038+4133 0047+5023

Strong lensing in the COSMOS survey. Faure et al. (2008)



http://aether.lbl.gov/www/classes/p139/glens2_hst_big.gif
http://aether.lbl.gov/www/classes/p139/glens2_hst_big.gif
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J163028.15+452036.2
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Einstein Ring Gravitational Lenses

Hubble Space Telescope « Advanced Camera for Surveys

MNASA, ESA, A Bolton (Harvard-Smithsonian Cfa), and the SLACSE Team

STScl-PRCOS-22



Lensing induced by:

e Stars

e Planets

e Galaxies

 Galaxy clusters

» Large-scale structures

Applications of lensing

The Sloan lens ACS survey
Gavazzi et al. (2008), Bolton et al (2008)



Applications of lensing

The Sloan lens ACS survey
Gavazzi et al. (2008), Bolton et al (2008)



Lensing induced by:

e Stars

e Planets

e Galaxies

 Galaxy clusters

» Large-scale structures

Applications of lensing

The Sloan lens ACS survey
Gavazzi et al. (2008), Bolton et al (2008)



Lensing induced by:

e Stars

e Planets

e Galaxies

e Galaxy clusters

» Large-scale structures

Applications of lensing

1/2
o _ M - [(drds/drs
£ 103 My Gpe

For
® M ~ 1015 Msun
e an effective distance of ~ 1 Gpc,

we find: Og ~ 100 arcsec

—trong lensing

—1/2
) arcsec



Lensing induced by:

e Stars

e Planets

e Galaxies

e Galaxy clusters

» Large-scale structures

Applications of lensing

Galaxy Cluster Abell 2218
NASA, A. Fruchter and the ERO Team (STScl, ST-ECF) * STScl-PRC00-08

HST « WFPC2




Lensing induced by:

o Stars

» Planets

e Galaxies

e Galaxy clusters

 Large-scale structures

Applications of lensing

Galaxy Cluster Abell 1689
HST Advanced Camera for Surveys




Lensing induced by:

e Stars

e Planets

e Galaxies

e Galaxy clusters

» Large-scale structures

Applications of lensing




Results from lensing

Lensing can be induced by:
* Stars
* Planets

e (Galaxies

* Galaxy clusters

 Large-scale structures




Lensing induced by:

e Stars

e Planets

e Galaxies

e Galaxy clusters

» Large-scale structures

Applications of lensing

Chandra 0.5 Msec image




Applications of lensing

. . -1
Lensing induced by: ijgcf{cd Radsus [lf Mpc] 10
- | | lllllll | | lllllll 1 | llllll' -
. Early
* Stars 10 3 IE
* Planets - i i
T, 10k =
2, = =
O = =
e Galaxies = E 8
=, a .
4 L i
» Galaxy clusters C =
 Large-scale structures i i
0.1 —
0.1 1 10
r [b™ Mpc]
Sheldon et al. (2004)
see also Mandelbaum et al.
(2004+)




Lensing induced by:

o Stars

» Planets

e Galaxies

» Galaxy clusters

* Large-scale structures

Applications of lensing




Applications of lensing

Lensing induced by:
* Stars

» Planets

e Galaxies

» Galaxy clusters HH

* Large-scale structures

_2)(10-3 11111111111111
0 100 200 300

Multipole 1

Lensing of the CMB Smith, Zahn & Doré (2007)



