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Weak lensing acts on any measurement that is carried out by displacing the sources’ images
from their true position and by (de)focusing the geodesics’ congruences, thus altering the
objects’ luminosity. We present here how weak lensing affects the measurement of galaxies
two and three point correlation functions and a general formalism that can be applied to
quantify the effect of lensing on the measurement of any cosmological correlation function.

1 Weak Lensing of BAO

Under the assumption that galaxies trace the underlying dark matter distribution, baryon os-
cillations are measured through the two point correlation function (2PCF) of galaxies. To
understand the impact of weak lensing on the measurement of the BAO sound horizon, two
different effects need to be taken into account 1. The first effect is magnification bias, which –
through a (de)focusing of geodesics’ congruences – alters the sources’ magnitude and leads to a
catalog that differs from the “unlensed” catalog. The second effect is deflection: since geodesics
are sensitive to the distribution of matter between source and observer and since the latter is
locally inhomogeneous thanks to structure formation, the observed position of an object does
not necessarily corresponds to its actual position. A correlation function that is measured from
observed data is intrinsically contaminated by weak lensing effects.

Magnification Bias. In a linear bias model, number overdensities in galaxies correspond
to dark matter overdensities. Two separate terms contribute to the observed overdensities:
“true” galaxies overdensities that are related to dark matter overdensities δg and lensing-induced
overdensities δl that can be related to the convergence by δl(~x) = (5s − 2)κ(~x). Three different
terms – also shown in the first panel of Fig. 1 – contribute to the observed 2PCF:

ξobs = 〈δ̃(~x)δ̃(~y)〉 = ξGG + ξGL + ξLL. (1)

Deflection. The dark matter/energy distribution present between the surveyed galaxies
and us alters the geodesics travelled by the photons. Lensing thus misplaces galaxies in the sky
and therefore alters the 2PCF measured from galaxy surveys. Using the Limber approximation
it is possible to calculate the relative (wrt to the unlensed 2PCF) lensing contribution to the
observed 2PCF. The absolute value of the fraction of this lensing-induced distorsion to the
unlensed correlation function is shown in the second panel of Fig. 1.

With respect to weak lensing, BAO turn out to be very robust standard rulers. Lensing does
not appreciably shift the peak centroid and thus the measurement of the sound horizon. It can
however alter the measurement of the height of the BAO peak.



Figure 1: First panel: Contribution to the 2PCF of galaxies due to magnification bias. Second panel: abso-
lute value of the fractional contribution to the 2PCF due to position misidentification. Third panel: Triangular
configuration for the calculation of the impact that magnification bias has on the galaxies 3PCF. Fourth panel:
Measured galaxies 3PCF and its different contributions: black dashed = unlensed 3PCF, red dashed = magnifi-

cation correction, blue solid = total. Fifth panel: ratio of the lensing correction and the measured 3PCF.

2 Magnification Corrections to the Galaxies’ Three Point Correlation Function

Magnification bias acts on magnitude limited surveys and its effect on the measurement of
galaxies three-point correlation function (3PCF) is more pronounced. To evaluate it, we use
the same approach used for the 2PCF 2. The magnification correction depends strongly on the
specific triangular configuration. In particular, the weight of the lensing terms depends on the
projection of the sources in a plane perpendicular to the line of sight.

For a triangular configuration that has a fixed projection but that becomes more elongated
(as in Fig. 1 third panel), the relative weight of the lensing contribution is increasing because
as the unlensed 3PCF decreases, the magnification correction stays roughly constant. For this
configuration, weak lensing weights more than 10% at z = 3 and higher (cfr Fig. 1 fourth panel).
Magnification bias can therefore significantly alter the measured value of galaxies 3PCF, easily
contributing a few percents at redshift of 3 and few tens of percents at redshift of 5. When not
taken into account, this effect could alter the measurement of non-gaussianity through galaxies’
reduced 3PCF.

3 Univeral Weak Lensing Distorsion of Cosmological Correlation Functions

Photons travel on geodesics, which are determined by the distribution of matter/energy lying
between the source and the observer. When two generic physical observables Ã(~xa) and B̃(~xb) are
measured, they refer to physical points that are displaced from their images because of lensing,
that is Ã(~xa) = A(~xa − ~σa). Weak lensing therefore contributes to the observed correlation
function of A and B. By assuming that such displacements are gaussian distributed and that
the sources lie at the same redshift, the observed correlation function is given by 3
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where Tab and Dab are the trace part and the symmetric traceless part of the displacement
correlator 〈σi

a,⊥σ
j
b,⊥〉. The derivation of Eq. (2) is completely independent from the nature of

the source and from the specific physical observables that are being measured. A generalization
to a full 3D case with sources lying at different redshift can also be obtained.
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