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Abstract

A methodology to detect and measure magnification using the galaxy number count tech-
nique designed to be used at present and future photometric galaxy surveys is described.
The method is tested with the N-body simulation MICE-GC showing that it allows to
clearly detect magnification and showing agreement with the theory for sky areas of at least
110 deg2.

1 Introduction

Weak gravitational lensing of distant objects by the near matter distribution in the Universe
has been established as a key probe for Dark Energy as well as for General Cosmology [1][15].
It has two different signatures: magnification and shear.

Magnification occurs when clumps of matter act as if they where convergent lenses.
It increases the observed size of distant objects at the same time that surface brightness is
conserved, leading to the change in three observational properties of those objects: size [8],
magnitude [13] –or flux [9]– and density [14].

The change of the spatial density of galaxies due to gravitational lensing is known as
number count magnification. It is due to the increase of the observed flux of background
galaxies in such a way that allows to detect objects that, in the absence of magnification,
would be beyond the detection threshold, increasing the number density behind the gravi-
tational lenses. At the same time the solid angle behind the gravitational lens is stretched,
leading to a decrease in the observed density of background objects. This two effects com-
pete between them and which one prevails over the other depends on the slope of the number
count of background galaxies.

Since the low signal-to-noise ratio of the magnification signal requires accurate de-
termination of the redshifits of the lenes as well as the sources, most of the magnification
measurements has been made in spectroscopic surveys [14]. Nevertheless the huge rise of
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wide-field photometric surveys with an strong focus on weak lensing analysis, such as DES1

[4], PAU2 [2] and the future LSST3 [12], requires de development of techniques that allow
the accurate measurement of magnification under these conditions.

2 Number count magnification

Number count magnification can be detected and quantified by the deviation of the galaxy
count in the spatial correlation of a lens (foreground) and a source (background) sample.

The observed two-point angular cross-correlation function between two redshift bins
including magnification is defined as

ωij(θ) = 〈δO(n̂, zi, fi)δO(n̂′, zj , fj)〉θ, (1)

where θ is the angle subtended by the two unit direction vectors n̂, n̂′ and the observed density
contrast δO is given by

δO(n̂, zi, fi) = δg(n̂, zi) + δµ(n̂, zi, fi); (2)

where δg describes the fluctuations due to the intrinsic galaxy clustering at redshift zi and δµ
incorporates the fluctuations due to magnification. The galaxy density contrast in the linear
bias approximation is given by

δg(n̂, zi) = biδM (n̂, zi), (3)

where bi is the galaxy-bias at redshift zi and δM the matter density contrast. At the weak
lensing regime, the fluctuations do to magnification are given by

δµ(n̂, z,m) = 2κ(n̂, z,m)[α(m)− 1]. (4)

Here κ is the convergence field given by

κ(n̂, z) =

∞∫
0

dz′
r(z′)[r(z)− r(z′)]

r(z)
∇2
⊥Φ[r(z′), n̂], (5)

where r(z) is the radial comoving distance at redshift z and Φ is the gravitational potential.
The number count slope (α) is given by

α(m) = 2.5
d

dm
[logNµ(m)], (6)

where Nµ is the cumulative number count, i.e. the number of galaxies with magnitude m′ < m
. If it is assumed that the observer is located at z = 0 and that 0 < zL < zS , with zL the

1www.darkenergysurvey.org
2www.pausurvey.org
3www.lsst.org
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Figure 1: Number count magnification measured on the I sample of the MICE simulation.
Blue dots are the measured two-point angular cross-correlation at the realization with lensing.
Shaded region denotes the 1σ confidence interval for the realization without lensing. Red
dotted line is an eye-guide for zero.

redshift of the lens sample and zS the redshift of the source sample, this leads to

ωLS(θ) = bL[α(mS)− 1]
3H2

0Ω0
M

c2

∞∫
0

dzL
φL(zL)
1+zL

∞∫
0

dzSφS(zS) r(zL)[r(zS)−r(zL)]
r(zS) × (7)

∞∫
0

dkk
2π PM (k, zL)J0(kθr(zL)),

where φL, φS are the redshift distributions of the lens and source sample respectively, PM
is the matter power spectrum, H0 the Hubble’s constant, Ω0

M the critical matter density
contrast today, c the speed of light and J0 the zero-th order Bessel function.

3 Application to a simulated galaxy survey

In order to test the methodology described previously in a systematic-free environment, the
MICECAT v1.0 galaxy sample is used [5][3][6]. This mock is the first catalog of the N-body
simulation MICE-GC4 that is a ΛCDM universe with ΩM = 0.25, Ωb = 0.044, h = 0.7 and
σ8 = 0.8 covering 1/8 of the celestial sphere. The advantage of using this simulation is that,
among other properties, provides lensed and unlensed coordinates as well as the convergence
and shear fields, allowing the availability of two realizations of the same universe: one with
gravitational lensing and the other without it.

3.1 Lens sample

The following cuts are imposed to select the unique common lens sample:

4www.ice.cat/mice
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• 0.2 < zsp < 0.4,

• 18.0 < i < 22.5,

where zsp is the spectroscopic redshift including redshift-space distortions and i denotes the
i-band magnitude.

3.2 Source sample

Three source samples are defined, one per each riz-band respectively:

• R: 0.7 < zsp < 1.0 and r < 23.0;

• I: 0.7 < zsp < 1.0 and i < 22.5;

• Z: 0.7 < zsp < 1.0 and z < 22.0.

Within each R, I, Z source sample five sub-samples are defined,

• R1: r < 21.0; R2: r < 21.5; R3: r < 22.0; R4: r < 22.5; R5: r < 23.0.

• I1: i < 20.5; I2: i < 21.0; I3: i < 21.5; I4: i < 22.0; I5: i < 22.5.

• Z1: z < 20.0; Z2: z < 20.5; Z3: z < 21.0; Z4: z < 21.5; Z5: z < 22.0.

Here Sj with j = 1, 2, 3, 4, 5 are the sub-samples of sample S with S ∈ R, I,Z.

3.3 Measurement

To estimate the cross-correlation functions, the tree-code TreeCorr5 [10] with the Landy-
Szalay estimator [11] is used:

ωLSj(θ) =
DLDSj(θ)−DLRSj(θ)−DSjRL(θ)

RLRSj(θ)
+ 1, (8)

where DLDSj(θ) is the number of pairs from the lens data sample L and the source data sub-
sample Sj separated by an angular distance θ and DLRSj(θ), DSjRL(θ), RLRrmSj (θ) are the
corresponding values for the lens-random, source-random and random-random combinations
normalized by the total number of objects on each sample. To provide the most accurate
fiducial measurement, correlation functions are computed using the whole footprint of the
simulation, 5000 deg2.

The covariance matrix is computed for each two-point angular correlation function
using jack-knife re-sampling

CS(ωLSi(θη);ωLSj(θν)) =
NJK

NJK − 1
×
NJK∑
k

[ωkLSj
(θη)− ωLSj(θη)][ω

k
LSj

(θν)− ωLSj(θν)], (9)

5github.com/rmjarvis/TreeCorr
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where ωkLSj
stands for the cross-correlation of the k-th jack-knife re-sample and ωLSj is the

cross-correlation of the full sample. In order to have an estimate for a footprint amounting
the area of ongoing surveys –such as the DES Science Verification data or the final PAU
footprint–, 90 jack-knife regions are defined over 110 deg2 of the simulation.

The number count slope parameter αS is computed independently using the measured
cumulative number count and applying Equation 6.

On Figure 1 the measured cross correlation-functions for the cases with and without
magnification for the I sample can be seen. Measured cross-correlation functions for the
realization with magnification agrees with the theoretical predictions from weak lensing and
is clearly different from the case where magnification is absent.

4 Conclusions

A methodology to detect magnification on photometric surveys using the number count tech-
nique is described. Covariance matrices were estimated for a 110 deg2 footprint. Results
obtained predict that magnification can be detected at ongoing photometric surveys such
as DES or PAU. Currently, the detection and systematic analysis of magnification at DES
Science Verification is being studied [7].
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[5] Fosalba P., Gaztañaga E., Castander F. J., Crocce M., 2015a, MNRAS, 447, 1319
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