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The power of lensing

galaxy cluster

distorted light-rays

2 Alexandre Boucaud - Moriond 2012



Outline

» Lensing magnification basics

» Magnification cross correlation formalism

» Fisher matrices and preliminary results

» Conclusion and outlook
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Gravitational lensing and Magnification
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Magnification bias

» Background source count when flux limited

1
Nobs(> f) = ;NO (> %9/ Amplification
" Dilution

» Converting to magnitudes, we find the relation describing the
magnification bias
Nobs

Ny

(<m) = p*~"

where a(m) = 2.5 S(m) < slope of the source
number counts
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Shear versus magnification

» No need of PSF correction
» No intrinsic alignments

» Can be used for small
sources and many different
populations

» More high redshift sources
usable

4

At a given redshift:
(S/N)... ~2-5(S/N)

shear count

Need accurate photo-z and
good photometric
calibration

Rely on a precise calibration
of the number counts
—> completeness

Need good modeling of the
bias b

Sensitive to dust extinction
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Cross correlation expression

» Cross correlating foreground galaxies and background sources

gives us a measure of the magnification
bg

<5g,obs 5gg> — <(5gg + 5,ug)5gg>

bg — — fg —, —

s (@ +0)0, () = (6,7 (6 +8)d, (6) = w,s, (6)

where 6, =p* ' -1 and §, =09

(5

» In the weak lensing regime k, v << 1= pu~1+ 2k

— —

wys, (0) =2 (o — 1) bwys(0)
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Cross correlation expression

» We introduce the corresponding power spectrum

wis, (6) =2~ 1) [ (jﬂig 1T Py (1)

computed in the flat-sky approximation and whose expression is

Ps(l) :/dxpm(xif(s(x) P, (éx>

written here for a flat cosmology.
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The convergence power spectrum

Ps(l) z/dx pm(xiga(x) P, (éx>

» This power spectrum is a line-of-sight integral over the matter
power spectrum and the lensing kernel Px (X) and windowed
by the lens distribution pé(X)

» The lensing kernel contains the distances that are very
sensitive to the dark energy

3 Hg X
; Q.
Pr(X) = 5 2 g g(x)
. XH X — X
with  g(x) = / dx' W (x") v
X
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Tomography example

The 2dF Quasar Redshift Survey

Redshift
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Large Synoptic Survey Telescope

» 8.4-meter telescope based in Chile
» FoV of 9.6 sq. deg.

» 20,000 sq. deg. coverage every 3
nights

» CCD of 3.2 billion pixels

» 6 photometric bands (u,g,ri,z,y)

» 24.5 magnitude limit for a single
exposure (i-band)

» 27 - 27.5 mag lim for complete
survey (10y)
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Covariance and Fisher matrices

» Fisher matrix for the magnification cross power spectrum:

< P P (]
JT:@B _ ,u5( ) C,L_l(l) 77 ( )
- — apoz / 8]?5

[ 1,7

» And covariance matrix
C =¢c“ +¢ct+C°
_— / ™~

Clustering term Lensing term Poisson term
Autocorrelation of Our signal Subdominant at low |
each population, for a deep and/or
dominant physical term wide survey
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Galaxy distribution in the range 0 <z < 3

1.0
— LSST w/ mag, = 25
B Lens
B Background
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Power spectra in the covariance matrix
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1-0 LSST sensitivity to w(z)

All other cosmological parameters fixed

0301 — |-0 contours |
' * fiducial cosmology A IDEAL CASE
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photometric
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L . LSST WL shear 4
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Outlook and future work

» We have a working code to derive Fisher-based cosmological
constraints from cosmic magnification.

» Preliminary results show that magnification can be a potentially
useful tool for probing the nature of dark energy for an LSST-
like experiment.

» The bias may be fitted out using tomography.

» The dust extinction should be overcome using several colors
since we expect the signal to be achromatic.

» We are looking at the impact of photometric redshift
uncertainties and systematics, such as photometric calibration.
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