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ABSTRACT

Intrinsic galaxy alignments are a source of bias for weak lensing measurements as well as a tool for understanding galaxy formation
and evolution. In this work, we measure the alignment of shapes of satellite galaxies, in galaxy groups, with respect to the brightest
group galaxy (BGG), as well as alignments of the BGG shape with the satellite positions, using the highly complete Galaxy And Mass
Assembly (GAMA) spectroscopic survey and deep imaging from the Kilo Degree Survey. We control systematic errors with dedicated
image simulations and measure accurate shapes using the DEIMOS shape measurement method. We find a significant satellite radial
alignment signal, which vanishes at large separations from the BGG. We do not identify any strong trends of the signal with galaxy
absolute magnitude or group mass. The alignment signal is dominated by red satellites. We also find that the outer regions of galaxies
are aligned more strongly than their inner regions, by varying the radial weight employed during the shape measurement process. This
behaviour is evident for both red and blue satellites. BGGs are also found to be aligned with satellite positions, with this alignment
being stronger when considering the innermost satellites, using red BGGs and the shape of the outer region of the BGG. Lastly, we
measure the global intrinsic alignment signal in the GAMA sample for two different radial weight functions and find no significant
difference.
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1. Introduction

One of the major unsolved problems of modern cosmology, and
the established concordance model, dubbed ΛCDM, entails the
mystery around dark matter and dark energy. These components
account for ≈95% of the energy density of the universe today,
with their presence established through several observations (e.g.
Betoule et al. 2014; Alam et al. 2017; Planck Collaboration VI
2018) but their nature remaining elusive. This is mostly due
to the exceptionally low, if not null, cross-section for interac-
tions involving the non-baryonic particles of dark matter (see
e.g. Bertone et al. 2005, for a review) as well as the difficulty in
observationally obtaining enlightening information about dark
energy (for a review, see Huterer & Shafer 2018).

In order to shed light onto the nature of these “dark” compo-
nents of the universe we need to use robust and complementary
observations that are sensitive to their effects. One observational
technique of particular interest is weak gravitational lensing,
the coherent distortion of light bundles that travel through a
matter-bent spacetime (see e.g. Bartelmann & Schneider 2001;
Bartelmann 2010). Lensing is sensitive to the intervening matter
(baryonic and non-baryonic) between the light source and the

observer as well as the geometry of the universe, thus serves as
a great tool for constraining both dark matter and dark energy.

Weak gravitational lensing measurements use shape corre-
lations of galaxies in order to extract the lensing signal and
infer cosmological parameters (for a review see Kilbinger 2015;
Bartelmann & Maturi 2017). However, lensing measurements are
sensitive to certain physical and observational systematic uncer-
tainties that need to be taken into account. One major astrophysical
contaminant is the alignment of galaxies with other galaxies and
the matter density field, known as intrinsic galaxy alignment (see
e.g. Joachimi et al. 2015, for a review). Intrinsic alignments pro-
duce shape correlations between physically associated galaxies
(named intrinsic-intrinsic or II), as well as the more complicated
correlation between background and foreground galaxy shapes
(named gravitational-intrinsic or GI correlation). These correla-
tions, if ignored, can significantly bias lensing measurements (e.g.
Kirk et al. 2015; Troxel & Ishak 2015).

Intrinsic alignments are commonly mitigated by marginalis-
ing over modelled parameters describing them, when extracting
lensing information. The most common approach is to use the
linear alignment model (Hirata & Seljak 2004), which assumes
that galaxy alignments are linearly related to the gravitational
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field, while often replacing the linear matter power spectrum
with its non-linear counterpart, dubbed non-linear linear align-
ment model (NLA, Bridle & King 2007). This model has been
successful in describing direct measurements of intrinsic align-
ments on scales down to a few Mpc h−1 (e.g. Singh et al.
2015), and has been used in many studies measuring lensing
from large-scale structure (cosmic shear, e.g. Hildebrandt et al.
2018; Abbott et al. 2018; Hikage et al. 2019) or combining
it with weak lensing from individual lens galaxies (galaxy-
galaxy lensing, e.g. van Uitert et al. 2018; Joudaki et al. 2018;
DES Collaboration 2018).

For smaller scales, the linear alignment model fails to repro-
duce observations since the physical mechanism that aligns
galaxies at such scales is fundamentally different (Pereira et al.
2008). Consequently, devising a descriptive model for intrin-
sic alignments at these scales is challenging, yet crucial to
using these information-rich scales in lensing measurements.
One approach is the halo model, which describes how galax-
ies (central and satellites) populate a dark matter halo given
its mass, as well as how they are oriented (Schneider & Bridle
2010). This model is the only description of the alignment signal
at small scales so far, and can in principle be extended to describe
extra dependencies of the signal. While a general consensus for
the intrinsic alignment signal on small scales has not yet been
reached, it is important to study the phenomenon directly on
intra-halo scales and provide insight for building an accurate
halo model.

Intrinsic alignments have been studied in many cosmological
and numerical simulations, both on large and intra-halo scales
(e.g. Knebe et al. 2008, 2010; Tenneti et al. 2014; Velliscig et al.
2015; Chisari et al. 2015; Hilbert et al. 2017). A strong align-
ment signal on small scales is seen in these simulations, with
satellite galaxies being radially aligned with their host halo cen-
tres. However, the picture is not very clear in observations, with
many studies finding satellite orientations consistent with ran-
dom (e.g. Schneider et al. 2013; Chisari et al. 2014; Sifón et al.
2015) while others see a positive radial alignment signal (e.g.
Agustsson & Brainerd 2006; Huang et al. 2018).

This discrepancy can be attributed to a difference in galaxy
populations, but also to a scale dependence of the alignment
signal, i.e. outer galaxy regions exhibiting a stronger alignment
than inner ones. Such a dependence is expected due to the
tidal nature of the phenomenon and has been seen in hydrody-
namical simulations, where the alignment signal was stronger
when the method used to define galaxy shapes up-weighted
outer regions of galaxies (Velliscig et al. 2015; Chisari et al. 2015;
Hilbert et al. 2017). Observations have also hinted towards this,
with Singh & Mandelbaum (2016), Huang et al. (2018) looking
into alignments as measured by different shape measurement
methods and finding stronger alignments for methods more sen-
sitive to the outer shape of a galaxy. In addition, Georgiou et al.
(2019) found that the alignment signal changes on small scales
when shapes were measured from different broad band filters,
with the change mostly sourced by satellite galaxies. Since galax-
ies exhibit colour gradients, certain regions of galaxies can be
more prominent in one broad band filter observation than another,
hinting towards a scale dependence of the alignment signal.

In this work we measure the alignment of shapes of satellite
galaxies with respect to their group’s centre (traced by the bright-
est group galaxy, or BGG), as well as the alignment of shapes of
BGGs with the positions of satellites. We use galaxy groups from
the Galaxy And Mass Assembly survey1 (GAMA; Driver et al.

1 http://www.gama-survey.org

2009, 2011; Liske et al. 2015; Baldry et al. 2018) and apply the
DEIMOS shape measurement method (Melchior et al. 2011) on
imaging data from the Kilo Degree Survey2 (KiDS; de Jong et al.
2015, 2017; Kuijken et al. 2019). Possible trends with observed
wavelength, magnitude, group mass and galaxy colour are exam-
ined. We also look into the galaxy scale dependence of these
alignments by varying the radial weight function employed when
measuring galaxy shapes and comparing the resulting alignment
signal. This will shed light onto the discrepancy of alignments
between observations and simulations, as well as allow for bet-
ter calibration of the halo model for intrinsic alignments in the
future. Lastly, we look at the global intrinsic alignment signal and
its dependence on galaxy scale.

This paper is organised as follows: in Sect. 2 we describe the
data used, and the methodology for obtaining a robust alignment
signal is outlined in Sect. 3. Satellite galaxy alignments are pre-
sented in Sect. 4, BGG alignments with its satellites in Sect. 5,
and the scale dependence of central galaxies is shown in Sect. 6.
Conclusions follow in Sect. 7. Throughout this paper we use flat
ΛCDM cosmology with h = 0.7 and Ωm = 0.315.

2. Data

Measuring the alignment of galaxies in galaxy groups requires
a robust group catalogue and good imaging data. The former is
obtainable from a galaxy sample with accurate redshifts (usu-
ally obtained spectroscopically) as well as a highly complete and
deep sample, with which we can identify as many group mem-
bers as possible. The latter can be acquired from several deep
imaging surveys that cover large parts of the sky. In this work,
we use data from the GAMA survey, combined with the deep and
high quality imaging data of the KiDS survey for highly accurate
shape measurements.

2.1. Galaxy group sample

Our galaxy group sample is drawn from the final release of the
GAMA survey (Liske et al. 2015; Baldry et al. 2018). The sur-
vey acquired spectroscopy for ∼300 000 galaxies across a total
∼286 deg2 of sky. The survey is split into 5 patches of roughly
equal area, three of them in the equatorial regions (named G09,
G12 and G15) and two in the southern celestial hemisphere (G02
and G23). Region G02 does not overlap with our imaging data
while region G23 has a slightly different target selection and,
to avoid complications that may arise due to this difference, we
restrict our analysis to the three equatorial regions. That leaves
us with ∼180 deg2 of area and ∼180 000 galaxies. The limiting
magnitude for the equatorial regions is r < 19.8 mag.

The unique characteristic of the survey is its high complete-
ness; in the equatorial regions, redshift information is obtained
for 98.5% of the target galaxies. This allows for a robust estima-
tion of galaxy alignments on small scales, where complications
such as fiber collisions are not present. In addition, the complete-
ness enables the construction of a high fidelity group catalogue
(Robotham et al. 2011).

The group catalogue was created using a friends-of-friends
grouping algorithm of variable linking length, and contains
∼23 600 galaxy groups (with at least two member galaxies) in
the equatorial regions, for a total of ∼75 000 group galaxies.
The redshifts of these groups extend to z ' 0.6 with a median
group redshift of zmed = 0.213, which is practically the same
as the parent sample. The grouping algorithm has been tested

2 http://kids.strw.leidenuniv.nl/
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and calibrated using mock catalogues from semi-analytic galaxy
models applied to N-body simulations, specifically designed to
capture the properties of galaxies in the GAMA survey (see
Robotham et al. 2011, for details). These mocks also enable the
calculation of unbiased group luminosities, which we make use
of in Sect. 4.

We calculate the alignment of satellite galaxies with respect
to the brightest group galaxies, which may not always coincide
with the group’s dark matter halo. This mis-centring was exam-
ined in Viola et al. (2015) for GAMA groups where different
group centre definitions were considered. It was found that con-
sistent results were produced using the BGG and using the centre
as defined iteratively by removing the galaxy further away from
the group’s centre of light. In this work, for simplicity, we use
the BGG as a proxy for the group’s centre.

2.2. Galaxy shape measurements

A robust shape measurement requires high quality, deep imag-
ing data as well as an accurate shape measurement method.
We use imaging data from KiDS (de Jong et al. 2015, 2017;
Kuijken et al. 2019), a survey specifically designed and opti-
mised for weak gravitational lensing science. The survey aims to
cover 1350 deg2 in the four optical SDSS-like broad bands u, g, r
and i, down to limiting magnitude of 24.3, 25.1, 24.9 and 23.8
(5σ in a 2 arcsec aperture), respectively. This results in deep,
high quality images, with a small, nearly uniform point-spread
function (PSF; Kuijken et al. 2015).

The shape measurement method we choose is DEIMOS
(Melchior et al. 2011). This is a moment-based method, extract-
ing shape information using moments as measured directly from
the image. It is an improvement over other similar techniques
(e.g. Kaiser et al. 1995; Hirata & Seljak 2003) because it allows
usage of high-order moments in correcting for the employed radial
weight function, necessary when dealing with noisy imaging data.
In addition, the PSF is treated in a fully analytical way, with-
out any prior assumptions on its properties; the limiting factor
is how well one can model the PSF on the positions of galaxies.
Finally, unlike model-dependent shape measurement techniques
(e.g. Miller et al. 2013), we can directly vary the radial weight
function, which translates to measuring galaxy shapes sensitive
to different galaxy regions. A larger weight function will be more
sensitive to outer galaxy regions, and using this we can probe the
galaxy scale dependence of the alignment signal.

The PSF used in this work is modelled using orthogonal
shapelets (Refregier 2003), which are Hermite polynomials mul-
tiplied by Gaussian functions. Shapelets can be linearly combined
(to arbitrary extent) to describe image shapes. This model has
been shown to adequately describe the PSF variations in KiDS
images (Kuijken et al. 2015). The weight function is a 2D Gaus-
sian, initially circular, with the scale of the Gaussian being a free
parameter called rwf . The weight function is then matched iter-
atively to the ellipticity and centroid of each galaxy while pre-
serving its area to the initial circular function. In order to mask
neighbouring galaxies, segmentation maps from SExtractor
are used that identify pixels associated with other sources. These
pixels are then replaced with random Gaussian noise of the same
level as the image. The process followed for the shape mea-
surement is described in detail in Georgiou et al. (2019), where
characteristics such as the galaxy ellipticity distribution and
signal-to-noise can also be seen.

In this work, we measure shapes of galaxies from r-band
imaging data of KiDS Data Release 4 (DR4), using five different
radial weight function sizes (see Sect. 3.2). In order to probe dif-

ferences of the alignment with the observed wavelength, we use
shapes measured in g, r and i-band with a single weight func-
tion from Georgiou et al. (2019), which were based on KiDS
Data Release 3 (DR3) and covers fully the GAMA equatorial
fields as well. Images based on DR4 are slightly different than
those of DR3, because of improvements made in the photome-
try pipeline. The r-band shapes of DR4 and DR3 images are not
exactly the same, however, the alignment measurements from
the two releases are quantitatively the same.

3. Methodology

3.1. Radial alignment measurement

Measurements of alignments are often obtained by a statistical
averaging of galaxy ellipticities. The ellipticity is defined in a
Cartesian coordinate system as a non-linear manipulation of the
galaxy surface brightness moments. The moments are given by

Qi j =

∫
G(x) xi

1 x j
2 dx, (1)

with x1, x2 the Cartesian coordinates where the galaxy is posi-
tion at the coordinate system’s origin and G being the galaxy’s
surface brightness. The ellipticity is then computed from

ε =
Q20 − Q02 + i2Q11

Q20 + Q02 + 2
√

Q20Q02 − Q2
11

, (2)

where ε = ε1 + iε2, and the ellipticity modulus is |ε|= (1 − q)/
(1 + q), with q being the semi-minor to semi-major axis ratio of
the ellipse. This ellipticity measure is also often called the third
flattening.

To quantify satellite alignments, it is useful to rotate the
Cartesian coordinate system so that the x-axis coincides with the
vector pointing from the centre of the galaxy group to the centre
of the satellite galaxy. In this frame, ε1 7→ ε+ and ε2 7→ ε×, which
are called tangential and cross ellipticity components, respec-
tively. These are computed by

ε+ = ε1 cos 2θs + ε2 sin 2θs (3)
ε× = ε1 sin 2θs − ε2 cos 2θs, (4)

where θs is the azimuthal angle of the satellite galaxy with
respect to the group’s centre (Fig. 1).

When the tangential ellipticity is positive the satellite’s semi-
major axis points towards the centre of the group and the satellite
is radially aligned with the group’s centre. On the other hand, a
negative value of ε+ means the satellite is tangentially aligned.
Computing the average tangential ellipticity of a population of
satellites will therefore reveal whether they preferentially align
radially to the group’s centre (in the case of a positive aver-
age ε+), tangentially (when negative) or their orientation is ran-
dom (when the mean tangential ellipticity is zero). Note that the
sign convention used in this work is opposite from the tangential
ellipticity used in weak lensing analysis.

3.2. Varying weight function

Measuring un-weighted moments, such as in Eq. (1), from real
astronomical images is not possible in practice. The most impor-
tant reason for this is the presence of noise in the imaging data,
whose contribution to the moments diverges as we go away from
the galaxy’s centre. One way to deal with this is to radially
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group centre
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θs
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Fig. 1. Definition of the azimuthal angle of a satellite galaxy θs, as well
as the angle between the line connecting the BGG and the satellite and
the semi-major axis of the satellite φsat. The dashed black line coincides
with the x-axis of the coordinate system, which is the same for every
measured galaxy.

weight the galaxy’s surface brightness, suppressing the noise at
large separations. However, since the calculated moments are
now weighted by this function, the resulting shapes will be
biased. To minimise this, in the context of DEIMOS, a Taylor
expansion is used to approximate the un-weighted moments by
calculating higher order weighted moments (see Melchior et al.
2011, for details). We truncate the Taylor series at nw = 4, which
has been shown to be a good approximation and results in a
smooth behaviour of biases associated with the overall shape
measurement (Melchior et al. 2011; Georgiou et al. 2019).

The weight function ideally needs to match the galaxy’s pro-
file, and a common choice is a 2D Gaussian function, which is an
adequate approximation. Here, we use an elliptical 2D Gaussian
function, whose ellipticity and centroid are matched iteratively
per galaxy. The size of the Gaussian is preserved at each match-
ing iteration. At first, the ellipticity of the Gaussian function is 0
and its initial scale rwf is a free parameter, determined separately
for each galaxy. This parameter will determine the galaxy scale
taken into account during the shape measurement. A small initial
rwf will generally measure the shape of the inner regions of the
galaxy (e.g. the bulge) while a large rwf will reveal the shape of
the outer galaxy regions (e.g. the disk).

We choose to relate the initial weight function scale rwf to the
galaxy’s isophote radius riso at 3σ above the background noise
RMS, which is calculated using SExtractor (Bertin & Arnouts
1996). We aim to probe the galaxy scale dependence of the intrin-
sic alignments by measuring the signal using shape measure-
ments obtained for several values of rwf . We use a total of 5 dif-
ferent weight functions, namely rwf/riso = {0.5, 1, 1.25, 1.5, 2},
and restrict this to r-band images, which are higher quality, taken
under better observing conditions compared to g and i. On shapes
from g and i-band observations, the weight function size is fixed
rwf = riso, where the isophote is measured in the deepest r-band
images.

The physical regions probed by a certain weight function
vary for each galaxy, depending on the physical size probed

by the isophote of the galaxy. The mean isophote size in our
galaxy sample is around 10 kpc with a standard deviation of
3.7 kpc. Therefore, even for the largest weight function we con-
sidered, the physical regions probed for each galaxy do not
extend beyond the galaxy itself.

3.3. Tests for systematic errors

Here we discuss a few sources of potential contamination to
our satellite alignment signal measurement and several ways
to quantify and control this contamination, in order to robustly
measure the alignment of satellite galaxies.

3.3.1. Shape measurement bias

There are several effects that can produce a systematic error
when measuring galaxy shapes. This is often characterized with
the multiplicative m and additive c bias, through the equation
(Heymans et al. 2006),

εobs
i = (1 + mi)ε true

i + ci, (5)

where the observed galaxy ellipticity is related to the true ellip-
ticity and the index runs through the two ellipticity components.
An additive bias in the shape measurement method (often a prod-
uct of incorrect treatment of the PSF) can bias the alignment
measurement. However, as we compute the average tangential
ellipticity component, such additive biases will average to zero.
Indeed we show in Sect. 3.3.2 that we do not measure an addi-
tive bias caused by the shape measurement procedure alone in
our image simulations. However, an additive c+ term caused by
the light of the BGG can offset our alignment signal (see e.g.
Sifón et al. 2018, for a similar analysis), and we quantify this in
Sect. 3.3.2.

Another bias that affects the alignment signal is multiplica-
tive bias (or m-bias). This is unavoidable when measuring shapes
from noisy images, due to the non-linear manipulation of pixel
data, required to obtain shape information (see e.g. Viola et al.
2014). Fortunately, the m-bias can be determined through image
simulations of galaxies that represent the overall galaxy sample.
It is important to construct realistic and representative simula-
tions (Hoekstra et al. 2017) as well as to use a shape measure-
ment method that is robust, with shape measurement accuracy
that depends weakly on galaxy properties. In Georgiou et al.
(2019) it was shown that DEIMOS applied on simulations of
GAMA galaxies, which have generally high signal-to-noise ratio
(S/N) in KiDS images, does not depend strongly on input ellip-
ticity, size or S/N.

Following the work in Georgiou et al. (2019), we simulate
galaxy images using the GalSim python package (Rowe et al.
2015). We obtain galaxy morphological parameters from the
GAMA Sersic Photometry Data Management Unit (DMU)
which includes single component Sérsic profile fits to repro-
cessed r-band Sloan Digital Sky Survey images (Kelvin et al.
2012). We perform certain quality control cuts that are present
in the catalogue (GAL_QFLAG, GAL_GHFLAG and GAL_CHFLAG
equal to zero, which ensures there were no problems during
the parametric fit). We also avoid simulating galaxies with
Sérsic indices ns < 0.3 and ns > 6.2 due to limitations of the
GalSim (Rowe et al. 2015). In these cases we set ns = 0.3 or 6.2,
respectively, which, as discussed in Georgiou et al. (2019), does
not affect the bias calibration significantly. Galaxy profiles are
truncated at 4.5 times their half-light radius. The input flux and
ellipticity of the galaxy image simulations are measured from
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Table 1. Mean multiplicative and bias obtained from image simulations
for the various weight functions used in the r-band shape measurement.

rwf/riso 〈m〉

0.5 0.02145 ± 0.00089
1.0 −0.00373 ± 0.00084
1.25 −0.00652 ± 0.00121
1.5 −0.01120 ± 0.00181
2.0 −0.04945 ± 0.00397

the real KiDS images. Galaxies are simulated on a grid, with a
300 × 300 pixels postage stamp. The simulated PSF is an ellip-
tical Gaussian with ellipticity and full width at half maximum
matching the median value of real KiDS images. Finally, we
take into account the effect of masking neighbouring galaxies by
using the segmentation map of each simulated galaxy as mea-
sured in the KiDS images from SExtractor. The masked pixels
are replaced with Gaussian noise of the same RMS as the image,
to create an individual postage stamp for each galaxy from which
the shape is measured.

Using these image simulations we calculate the bias for the
five different weight functions considered in this work, with
simulations of KiDS r-band images. We confirm that values of
m1 and m2 agree within the statistical error bars of their mea-
surement and, for simplicity, we use the average value 〈m〉 =
(m1 + m2)/2. The m-bias was found to be relatively small and
is corrected for when computing the average ellipticity compo-
nents. The values are presented in Table 1.

We also look into the radial satellite alignment at differ-
ent broad band filters and for these we obtain bias values from
Georgiou et al. (2019) (note that when comparing the different
filters we use the same weight function rwf = riso). While the
galaxy population considered in this work is not the same as in
our previous study (i.e. here we only consider shapes of group
galaxies and not of the full GAMA galaxy sample) and the m-
bias for it could be different, it has been shown in Georgiou et al.
(2019) that the bias does not depend on galaxy properties very
strongly for the GAMA galaxy sample. Therefore we choose to
use this previously determined g, r and i-band shape m-bias esti-
mation for our calibration.

Our sample of galaxies has a high S/N (mean value of 300 for
r-band images) and the shape measurements are robust against
galaxy properties. For example, shapes depend very weakly on
galaxy ellipticity (Georgiou et al. 2019). This guarantees that
any trend observed of the alignment signal for different galaxy
sub-samples is robust against ellipticity measurements.

3.3.2. “Stray” BGG light

An important systematic effect that could bias the satellite align-
ment signal is the contamination from light of the group’s bright-
est galaxy, the BGG. The light measured in images of satellite
galaxies includes the light profile of the satellite as well as the
faint “tail” from the light profile of the BGG. Ultimately, this will
lead to the background light of the satellite being slightly “tilted”
towards the direction of the group’s centre, meaning the side
of the satellite closer to the group’s centre will have a slightly
higher background compared to the side further away from it
(see also Sifón et al. 2018). Since to extract the alignment signal
we average the tangential ellipticities of all satellite galaxies, this
effect gets amplified and can increase the radial alignment signal
or even produce a completely artificial one. The BGG contami-
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ε +
〉

rwf/riso = 0.5

rwf/riso = 1.0

rwf/riso = 1.25

rwf/riso = 1.5

rwf/riso = 2.0

Fig. 2. Mean tangential ellipticity as a function of distance from the
group’s center, calculated using εout − ε in from simulated KiDS r-band
images of GAMA groups. The input ellipticity is constructed using the
measured |ε | for each satellite galaxy and assigning a random position
angle. The output ellipticity is measured from the images, which all
contain the corresponding BGG in the centre. Therefore the mean tan-
gential ellipticity difference shows the contribution of the BGG’s stray
light to the satellite’s radial alignment signal measurement.

nation will be more severe for satellites closer (in projection) to
the group’s centre, as well as for shapes measured using a higher
weight function, which will allow more of the BGG’s light to
impact the shape measurement.

In order to quantify and correct for the contamination from
the BGG’s “stray” light we again use image simulations, very
similarly to Sect. 3.3.1. We emulate the GAMA galaxy groups by
simulating galaxies for each group in their relative positions. The
satellite galaxy profiles are truncated at a distance of 4.5 times
their half-light radius while for the BGGs, simulated in the centre
of the image, the light extends throughout the whole image. The
input ellipticity of each satellite is such that the ellipticity modu-
lus, |ε|, is obtained using DEIMOS on KiDS r-band images with
a weight function rwf = riso and ε1, ε2 are constructed using a ran-
dom position angle. This ensures that the input average ellipticity
is zero, i.e. the satellites are randomly oriented in our image sim-
ulations. The input ellipticity of the BGG is the same as the one
observed in the real images. Even though the input ellipticity is
based on one weight function, the output ellipticity is corrected
for m-bias, which is anyway negligibly small, and our results are
not affected by this.

We measure the shapes of the satellite galaxies in the sim-
ulated r-band images, which are affected by the light from
the BGG. We then subtract the input ellipticity from the out-
put and compute the average tangential ellipticity difference
〈∆ε+〉. The results are presented if Fig. 2 with the y-axis show-
ing the contamination from the BGG in the alignment signal
and the x-axis the projected physical distance of the satellite
from the BGG, normalized by the group’s r200 (see Sect. 4). As
expected, satellites closer to the BGG and shapes with a larger
weight function are more heavily contaminated by the BGG’s
light.

We note that, when comparing the alignment signal between
different filters, we use the same correction for the BGG’s light.
We check that quantitatively similar results are obtained with g
and i-band image simulations, with larger error bars, hence we
use r-band simulations also for calibrating the alignment mea-
sured in the other two bands.

The correction of the BGG’s light to the alignment signal
is heavily influenced by the fidelity of our image simulations.
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While simulating galaxies that are representative of the galaxy
sample is essential, it is also important to understand the actual
light profiles of these galaxies. In our image simulations we
assume galaxies can be represented by a single Sérsic profile, but
this is a simplification since in reality galaxies have complicated
morphologies, such as bulges, bars and star-forming regions. In
addition, the isophotes of the BGGs twist their position angles
the further away they are, which is not included in our simula-
tions. Also, we choose to truncate the satellite’s profile and leave
the BGG Sérsic profile to extend indefinitely. Finally, we do not
capture the effect of background subtraction applied in the reduc-
tion of the KiDS imaging data, which can affect the faint tail of
the BGG light. Doing so would require a full reduction of image
simulations in a similar manner to KiDS images but would not
eliminate all the uncertainties mentioned, and we choose not to
do so. Hence, we cannot guarantee that the correction applied
is accurate enough. However, as long as the correction is small,
compared to a non-zero intrinsic alignment signal measurement,
we can be confident that the measurement is robust against the
contamination from the BGG’s light.

Lastly, we produced a set of image simulations with the satel-
lite galaxies but without including the BGG. The input align-
ment signal of these simulated satellites is also zero. Therefore,
any bias caused solely by the shape measurement method would
be detected in these simulations. Such bias is not found, as the
alignment signal measured from the output ellipticities was also
measured to be zero.

4. Satellite galaxy alignments

We present the satellite radial alignment signal as obtained
through measurements of the average tangential ellipticity of
our satellite galaxy sample, with respect to the position of the
group’s BGG. In all of our measurements we correct for multi-
plicative bias (Table 1) as well as subtracting the artificial signal
from the BGG’s light (Fig. 2). The shape measurement method is
capable of flagging measurements of ellipticity that were prob-
lematic (e.g. when the centroid determination failed or the image
moments are nonsensical, see also Georgiou et al. 2019). We
reject such galaxies and only consider objects with well defined
ellipticity. We calculate the virial mass and radius for each group
using the group’s luminosity (column LumB in the galaxy group
DMU). This is an unbiased measure of the group’s luminos-
ity, calibrated against specialized mock galaxy catalogues (see
Robotham et al. 2011, for details). Using the scaling relation
computed specifically for GAMA galaxy groups in Viola et al.
(2015), we get the virial mass from(

M200

1014 M� h−1

)
= (0.95 ± 0.14)

(
Lgrp

1011.5 L� h−2

)1.16±0.13

, (6)

where Lgrp is the group luminosity, and the virial radius from

M200 =
4π
3
ρcr3

200, (7)

with ρc the critical density of the universe. We look into the
dependence of the signal on the projected distance of the satel-
lites from the group’s centre rsat, normalized by the group’s r200.
Trends of the alignment signal with satellite absolute magnitude
(but not with the BGG’s magnitude) have been observed in clus-
ters (Huang et al. 2018), and we examine this in groups. Groups
are also binned in mass, since groups with different gravita-
tional potential could exhibit differences in their alignments. To
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Fig. 3. Mean tangential/cross ellipticity (red/gray points) versus pro-
jected satellite distance from the group’s BGG, obtained using satellite
shape – BGG position pairs. Positive values of 〈ε+〉 indicate radial align-
ment while randomly oriented galaxies exhibit 〈ε+〉 = 0. Results shown
for shape measurements obtained from r-band images, with rwf = riso.

identify possible trends, we fit the satellite alignment measure-
ments with a power-law function of the form 〈ε+〉 = A(rsat/r200)g,
where A and g are the amplitude and index of the power-law. Fit-
ting for both these parameters yields very weak constraints, and
we choose to fix one, specifically the power-law index, to the
value of g = −2, which seems to describe the data adequately.
This arbitrary choice of fitting function is justified by the fact
that we are not trying to find a physical model for the alignment
signal but rather quantify trends and significance, hence a fully
empirical description is enough. We fit our data using the non-
linear least squares fitting method from the scipy python pack-
age. The error bars in our measurements are standard errors. We
have checked that the mean tangential ellipticity distribution is
Gaussian and the standard error should accurately reflect the sig-
nificance of a detection. We use groups with 3 or more members
(including the BGG). Our results do not change within our error
bars when using groups with 5 or more members.

4.1. Full sample and wavelength dependence

We measure the satellite radial alignment signal for our galaxy
group sample. We reject failed shape measurements as well as
galaxies residing in masked regions (except for secondary and
tertiary stellar halos, which are expected to be too dim to affect
the shape measurements). This leaves us with 29953 satellite-
BGG pairs. We first present results for shapes measured in
r-band images, since these are the deepest observations with the
smallest shape noise in our sample. The weight function used is
rwf = riso, and we use this weight function for all subsequent
measurements, unless otherwise stated. The results are shown in
Fig. 3. Significant radial alignments are observed for satellites
close to the BGG. The alignment signal decreases for satellites
further away, eventually reaching zero at scales rsat ∼ r200. We
also note that the cross ellipticity component is consistent with
zero, which holds true for all subsequent measurements.

We then compute the alignment signal using shapes from
Georgiou et al. (2019; which are based on KiDS DR3, see
Sect. 2.2), for g, r and i-band observations. We consider only
galaxies that are not masked or flagged in any of the three filters,
and compare the alignment signals in Fig. 4. It is clear that in the
smallest radial bin rsat ∼ 0.13r200 the alignments in g and i are
much larger than the r-band. Even though the BGG’s “stray light”
correction for this radial bin is large (∼20% of the r-band signal in
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Fig. 4. Mean tangential ellipticity versus satellite distance from the
group’s BGG, obtained using satellite shape – BGG position pairs. Pos-
itive values indicate radial alignment, randomly oriented galaxies give
ε+ = 0. Results shown for shape measurements obtained from g, r and
i-band images.
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Fig. 5. Top: histograms of the absolute r-band magnitude of the BGG
(solid black) and satellite (dashed red) galaxy samples. The inset figure
shows the distribution of the galaxy group redshifts. Bottom: histogram
of the group virial mass, computed with Eq. (6).

Fig. 3) and robust quantitative conclusions are hard to draw, there
is a significant excess alignment signal in the first bin, observed
in g and i-band in comparison to the r-band. A possible concern
is that bright sources (such as the brightest group galaxy) have a
higher flux in r-band compared to g- or i-band, and therefore the
background subtraction of the area around this bright source can
be more aggressive in r-band images compared to g- and i-band.
However, we do not look into this further in this work.

4.2. Absolute magnitude dependence

We study the dependence of satellite alignments on the r-
band absolute magnitude of satellites and centrals. Magnitudes
are obtained from stellar population fits to galaxy SEDs in
multiple bands using Lambdar, made available through the
GAMA StellarMassLambdarv20 DMU (Taylor et al. 2011;
Wright et al. 2016). Histograms can be seen in the top panel of
Fig. 5. We first look at the dependence on the satellite magni-
tude, in Fig. 6, top panel. In order to quantify any dependence
on satellite magnitude, we fit a power-law with a fixed slope of
−2 to all radial bins except the first (due to the BGG light correc-
tion being too large to make robust quantitative statements about
this bin). The fit is also shown in Fig. 6, with the 1-σ confidence
intervals. No clear trend is observed for the three magnitude bins
within the 1-σ limit.

Similar results are obtained when considering the central
galaxy’s absolute magnitude. This is shown in Fig. 6, bottom
panel, where again the 1-σ limits are not strong enough to iden-
tify any trends in the alignment signal. When looking at galaxy
clusters, Huang et al. (2018) found a dependence of the align-
ment with satellite absolute magnitude, which we do not detect.
This could mean that this dependence is stronger in clusters than
groups. However, the galaxy shapes in Huang et al. (2018) were
not corrected for shape measurement biases. Multiplicative bias
scales with the galaxy S/N, which can be correlated with its abso-
lute magnitude, and can drive part or all of this dependency, so a
robust conclusion is unclear.

4.3. Group mass dependence

Here we look into the dependence of the satellite alignment sig-
nal for groups of different mass. We calculate virial masses of
groups according to Eq. (6). A histogram of the resulting group
masses is shown in the bottom panel of Fig. 5. We present the
average tangential ellipticity versus distance of satellite to the
group’s BGG, binned in M200, in Fig. 7. We fit a power-law with
fixed amplitude as previously, but do not see any significant trend
within the 1-σ limit.

4.4. Dependence on star formation rate

We now distinguish our satellite galaxy sample to satellites that
may have arrived in the group recently or have been orbiting
for a longer period. Galaxies entering a group will experience
star formation quenching through several processes, such as tidal
stripping. Therefore, these members will have mostly old stellar
populations and appear red in colour. Galaxies that have recently
fallen into the group will generally have a higher star formation
rate with new stars constantly generated, and hence will appear
bluer (except for galaxies that are already red). Thus, a proxy for
distinguishing between “old” and “new” group members would
be using colour and specific star formation rate information.

We use the GAMA StellarMassesLambdarv20 catalogue
to obtain dust-corrected, rest-frame g − i colour information for
our satellite galaxy sample, and the MagPhysv06 GAMA DMU
(Baldry et al. 2018; Driver et al. 2018) which contains specific
star formation rate (sSFR) measurements acquired from running
the SED-fitting code MagPhys (da Cunha et al. 2008). We show
the g − i colour of satellites against the sSFR in Fig. 8. It is clear
that the galaxies are divided into two distinct populations: blue
galaxies with high star formation rate (in the bottom right of the
figure) and red galaxies with low star formation rate (in the top
left of the figure). By visual inspection, we divide our galaxy
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Fig. 6. Mean tangential/cross ellipticity components versus satellite dis-
tance from the BGG, obtained using satellite shape – BGG position
pairs. Top: binned in satellite’s r-band absolute magnitude. Bottom:
binned in BGG’s r-band absolute magnitude. Power-law fits with fixed
index are over-plotted, with the 1-σ uncertainty on the fit, for the three
bins. The grey area covers the radial bins over which we regard the BGG
light correction to be too significant, and these scales are not used for
our model fitting. Shapes were measured in r-band for rwf = riso.

sample into blue and red galaxies, using the red line in Fig. 8,

g − i = 0.21 log(sSFR yr−1) + 3.03. (8)

We compute the alignment signals of red and blue galaxies
and show the results in Fig. 9. It is clear that red satellites have a
much stronger alignment signal than blue ones. This behaviour
can be explained considering that red galaxies have likely spent
more time in the group environment and have had more time to
interact gravitationally with the group and become aligned with
it compared to blue satellites that have likely been in the galaxy
group for less time. Blue satellites are also generally rotation-
ally supported and have a different alignment mechanism than
red, pressure supported galaxies. We note that the difference in
the alignment signal observed here cannot be attributed to differ-
ences in the ellipticity distributions of the two sub-samples, as
the ellipticity estimation for our sample does not depend strongly
on the galaxy ellipticity (Georgiou et al. 2019).

4.5. Galaxy scale dependence

Lastly, we perform the satellite radial alignment measurement
with shape measurements obtained using weight functions of
different sizes. This results in shape measurements being more
sensitive to the different parts of the galaxies. For example, a
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Fig. 7. Top: mean tangential/cross ellipticity as a function of satellite
distance from the group’s BGG, obtained using satellite shape – BGG
position pairs, binned in the group’s M200. The best fit power-law with
a fixed slope is overplotted for each mass bin. The grey area covers the
radial bins over which we regard the BGG light correction to be too
significant, and these scales are not used for our model fitting. Shapes
were measured in r-band for rwf = riso. Bottom: amplitude of the power-
law fit to the alignment signal for each individual group mass bin.

smaller weight function will mostly probe the shape of the inner
part of a galaxy (e.g. the bulge) while a larger weight function
will be more sensitive to the shape of the outer part (e.g. the
disk). We measure shapes of galaxies using five different weight
function sizes rwf , which corresponds to the scale of the ini-
tial (circular) Gaussian weight function applied when measur-
ing galaxy shapes. This weight function eventually matches the
ellipticity of the galaxy after several matching iterations, while
retaining its original size (see Sect. 3.2).

In Fig. 10, we show the alignment signal for the full satel-
lite sample, as computed for the five different weight function
sizes that are related to the isophote at 3σ above the background
noise. Note that the x-axis of this plot has different limits than
similar figures in the section. We use only 4 instead of 5 bins for
the largest weight function, which suffers more severely from
contamination from the BGG’s light. Fitting a power-law model
with a fixed index of −2 we can see that the alignment signal
increases for larger weight functions (bottom panel of Fig. 10).
In the bottom panel of the figure we also show the alignment
amplitude for red and blue galaxies. We see that blue galaxies
exhibit an increase in alignment for larger weight functions, but
are always smaller than red galaxies. For the larger weight func-
tion sizes, the blue alignment signal is significantly non-zero.

We note here that the ellipticity distribution of galaxies
obtained from the 5 different weight functions are not identical,
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Fig. 8. Rest-frame, dust-corrected g − i colour of our satellite galaxy
sample against their specific star formation rate. Smoothed density con-
tours are shown, with dense regions appearing more yellow. The red
line indicates the cut performed to divide our galaxy sample into blue
star forming, and red galaxies with lower star formation rate.
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Fig. 9. Average tangential ellipticity against projected satellite distance
from the group BGG, obtained using satellite shape – BGG position
pairs. Results shown for red, low sSFR and blue, high sSFR galaxies.
Power-law fits of fixed index are overplotted, with the shaded region
indicating the 1-σ confidence limit. The grey area covers the radial bins
over which we regard the BGG light correction to be too significant,
and these scales are not used for our model fitting.

as is expected since galaxy isophotes twist in the outer regions
(first observed by Evans 1951). Since the mean tangential ellip-
ticity (shown in Fig. 10) depends on the ellipticity distribution,
the observed alignment signal dependence could be caused by
these differences. However, we have checked, using a different
alignment estimator, the mean satellite alignment angle 〈φsat〉

(Fig. 1), that the behaviour is present. Therefore, the behaviour
of Fig. 10 cannot be explained by the differences of ellipticity
measurements between the different weight functions.

Recent measurements of alignments in groups and clus-
ters have yielded conflicting results (Schneider et al. 2013;
Chisari et al. 2014; Sifón et al. 2015; Huang et al. 2018). Cluster
studies have been performed using shape measurement methods
that optimize the size of the weight function with S/N (such as
the KSB or re-Gaussianization methods) and find no significant
alignment (e.g. Chisari et al. 2014; Sifón et al. 2015). We have
tested this approach with DEIMOS and found that the highest
S/N is obtained when the weight function is as small as pos-
sible, where the bulge dominates the light profile. Given that
the satellite alignment signal drops for smaller weight functions
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Fig. 10. Top: average tangential ellipticity of the full satellite galaxy
sample versus projected satellite distance from the group BGG,
obtained using satellite shape – BGG position pairs. Results shown for
different weight function sizes used in the shape measurement process.
The rwf indicates the size of the initial weight function and riso is the
isophote of the galaxy. Bottom: amplitude of power-law fits with fixed
exponent, to the average ellipticities for all, red and blue galaxies, for
the different weight function sizes involved. Lines connecting the data
points added for clarity.

(Fig. 10), studies using this approach are not expected to detect
a strong alignment signal. In addition, the shape noise and statis-
tics of these studies drive up the error bars (in comparison to
our work) and make the detection even less likely. Model-fitting
shape measurement methods have also been used in some of the
studies above, but since the bulge of the galaxy carries most of
the light profile it is also possible that the derived shape from
such methods is greatly influenced by the inner galaxy regions,
and the alignment signal is again hard to detect. In GAMA
groups, Schneider et al. (2013) looked into satellite alignments
with shapes from similar shape measurement methods applied
to SDSS images and found no significant alignment, which can
be accounted for in the same way as for the cluster studies.

In contrast to the studies described above, Huang et al. (2018)
looked at satellite alignments in clusters using three differ-
ent shape estimators: moment-based, model-fitting and isophote
fitting. They found a significant alignment that decreases for
galaxies further away from the BGG, in agreement with out
results. A difference in alignment was also observed for the three
different estimators, which are sensitive to different galaxy scales.
However, these estimators have different multiplicative biases,
which were not corrected for, and understanding how much of the
bias drives these differences is non-trivial.
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Fig. 11. Distribution of the angle θcen between the BGG’s semi-major
axis and the line connecting the BGG-satellite pair. The mean value of
the angle is shown in the bottom left of the plot.

5. BGG shape – satellite position alignment

Intra-halo alignments can have multiple components, as one can
correlate the shape or position of satellites with the shape or
position of the central galaxy. In the previous section we have
focused on the alignment of satellite shapes with the position of
the central galaxy. Another interesting component, useful when
constructing the halo model for intrinsic alignments, is the align-
ment of the central galaxy shape with the position of satellites.
This is computed through Eq. (3) by substituting the ellipticity
components with the ones of the BGG.

We compute the angle θcen between the BGG’s semi-major
axis and the line connecting a pair of BGG-satellite galaxies.
When this angle is 0◦ (or 90◦) the BGG is pointing radially (or
tangentially) to the direction of the satellite. When 〈θcen〉 = 45◦
the satellites are randomly (circularly) positioned around the
BGG but when this average angle is smaller than 45◦, they are
mostly distributed along the BGG’s semi-major axis. In Fig. 11
we plot the fraction of BGG-satellite pairs against the value
of θcen. We see that the distribution is not uniform, with more
satellites positioned close to the BGG’s semi-major axis rather
than perpendicular to it. The average angle is computed to be
〈θcen〉 = 42.09 ± 0.15, which is significantly lower from 45◦.

We also compute the average tangential ellipticity of the
BGG’s shape with respect to the satellite’s position. This statistic
is more easily related to the halo model formalism, and the mean
ε+ is shown in Fig. 12 as a function of galaxy pair separation, for
shapes obtained with the 5 different weight functions. The aver-
age tangential ellipticity is non-zero and higher for galaxy pairs
closer together, dropping to a plateau at larger separations. In
addition, the alignment is stronger for shapes obtained with a
larger weight function.

From this we conclude that satellites are preferentially dis-
tributed along the BGG’s semi-major axis. Satellites closer to
the BGG are more tightly aligned with this axis. Furthermore,
the outer regions of the BGG are more aligned with the over-
all satellite distribution, as can be seen from the dependence of
the alignment signal on the weight function size, particularly on
smaller scales. Assuming that the satellite distribution traces the
shape of the dark matter halo of the galaxy group, we conclude
that the outer regions of the BGG are aligned more strongly with
the group halo shape than the inner regions. This could be the
result of the gravitational interaction of the BGG with the dark
matter halo, or a reflection of the fact that streams of infalling
matter in a galaxy group follow the ellipticity of the group’s halo.

10−1 100

rsat/r200

0.00

0.02

0.04

0.06

0.08

0.10

〈ε
+
〉

rwf/riso = 0.5

rwf/riso = 1.0

rwf/riso = 1.25

rwf/riso = 1.5

rwf/riso = 2.0

Fig. 12. Average tangential ellipticity of the BGG shape with respect to
the satellites position, as a function of the projected distance of the satel-
lite to the BGG. Results are obtained using 5 different weight function
sizes, and are shown with a different colour.

We now split the BGGs into two populations: blue, high
sSFR and red, low sSFR galaxies, using Eq. (8). This essentially
splits the group samples into groups with a red or a blue central
galaxy. We note here that 37% of groups in our sample contain
a blue BGG; these are likely groups that were formed recently,
and are very different from galaxy clusters, where the brightest
cluster galaxy will almost always be red. The alignment of the
BGG shape with the satellite positions for these two sub-samples
is shown in Fig. 13. We see that the alignment is driven mostly
by red BGGs, with blue BGGs being strongly aligned with their
innermost satellites, weakly aligned in intermediate scales and
unaligned with the positions of their outermost satellites. These
results are in agreement with what has been found in recent lit-
erature (e.g. Yang et al. 2006; van Uitert et al. 2017; Wang et al.
2018).

6. Global intrinsic alignments

In the previous sections we saw that satellite-BGG and BGG-
satellite alignments exhibit a galaxy scale dependence, with the
outer galaxy regions aligned more strongly than the inner ones.
This naturally leads to the question whether halo-halo align-
ments (among central galaxies) also exhibit this dependence.
We therefore calculate the projected shape – position correlation
function from a shape and density sample consisting of the non-
satellite galaxies of the GAMA group catalogue, which we call
central galaxies sample. The correlation function is computed
from

wg+(rp) =

∫ +Πmax

−Πmax

ξg+(rp,Π)dΠ, (9)

where rp and Π is the transverse and line of sight separa-
tion between a galaxy pair, respectively, and ξg+ is the three
dimensional position-shape correlation function, measured using
the modified Landy-Szalay estimator (Landy & Szalay 1993;
van Uitert & Joachimi 2017)

ξg+(rp,Π) =
S +D
DSD

−
S +R
DSR
· (10)

In the above equation we define three galaxy samples, density
(D), shape (S ) and random points (R) with the density of the shape
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Fig. 13. Average tangential ellipticity of the BGG shape with respect
to the satellites position, for red and blue BGGs. Results are obtained
using rwf = riso.

sample being DS. The quantities DSD and DSR are normalized
galaxy pairs (see e.g. Kirk et al. 2015, for more details) and

S +D =
∑
i, j

ε+(i| j). (11)

Galaxy i is selected from the shape sample and j from
the density sample. Similarly we compute S +R, using the
random catalogues specifically produced for GAMA galaxies
(Farrow et al. 2015).

Following Georgiou et al. (2019), we compute the difference
in alignment

∆wg+ = wg+(rwf = 2riso) − wg+(rwf = riso), (12)

where the first term of the right hand side is computed with
shapes obtained in the r-band, using a weight function 2riso and
the second term using 1riso, both from shape and density sam-
ples of GAMA central galaxies. If ∆wg+ is significantly positive
then central galaxies also exhibit a similar scale dependence to
the one seen from satellite galaxies in Sect. 4.5.

To compute error bars for our measurements we run 100 real-
isations of the ∆wg+ measurement but adding a random posi-
tion angle to galaxies each time. Georgiou et al. (2019) showed
that error bars obtained this way agree with bootstrap estimated
errors, while other techniques such as jackknife might not be
optimal. We ensure that the same galaxies are used when com-
puting the two wg+ terms of (12) which ensures that the sam-
ple variance contribution to the error bar can be neglected, since
we are subtracting signals affected by the same sample variance
(see Georgiou et al. 2019, for a discussion).

Figure 14 shows the results for the alignment signal dif-
ference of central galaxies using two weight functions in the
shape measurement. The alignment difference ∆wg+ is consis-
tent with zero. It is clear that, for central galaxies, no galaxy
scale dependence is evident, and the two alignment measure-
ments agree well within the errorbars. In addition, we repeat
the same exercise using the full GAMA galaxy sample and find
differences consistent with zero, except for intermediate scales,
∼1−2 Mpc h−1, where the alignment signal difference is consis-
tently positive. However the error bars of our measurements do
not allow for a robust detection.

Studies of cosmological simulations have measured a depen-
dence of the global intrinsic alignment signal on the way galaxy
shapes were determined (e.g. Velliscig et al. 2015; Chisari et al.
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Fig. 14. Intrinsic alignment signal difference, as measured from shape
measurements of two different weight functions, rwf = {riso, 2riso}, as
a function of projected galaxy pair separation. Results obtained from
shape and density samples consisting of central galaxies are shown with
an orange dashed line, while the same results using all GAMA galaxies
are shown with the blue solid line. Points are horizontally displaced for
clarity.

2015; Hilbert et al. 2017). Shapes derived with a radial weight-
ing scheme (therefore suppressing outer galaxy regions) revealed
a lower amplitude of IA than shapes without a weight, which is
not in agreement with our results. However, shapes that have
been obtained with a weighting scheme must also suffer from
shape bias, as well as bias due to the finite number of parti-
cles used to define galaxies. The effect of such bias is unclear.
Furthermore, the intrinsic alignment amplitude measured in
these simulations was found to be higher than the amplitude
measured in GAMA (Johnston et al. 2019), and the galaxy pop-
ulation in these simulations does not necessarily resemble the
sample we used in this work, therefore a direct robust compari-
son is difficult.

Comparing to other observations, Singh & Mandelbaum
(2016) found, using low redshift luminous red galaxies, that
alignment measurements with different shape estimators resulted
in different inferred intrinsic alignment amplitudes. One of the
possible reasons for this is that these shape estimators are sen-
sitive to different galaxy scales. However, we do not find such a
dependence in this work when we consider centrals or the full
galaxy sample. This can be due to the fact that the sample of
galaxies in the two studies are different, with the GAMA sam-
ple containing also fainter, blue galaxies with a wider redshift
range. Indeed, the alignment signal of GAMA galaxies is mea-
sured to have a much smaller amplitude (Johnston et al. 2019)
than the galaxies in Singh & Mandelbaum (2016). Multiplicative
bias can also cause such a difference, as the observed alignment
signal scales linearly with bias (Eq. (24) Singh & Mandelbaum
2016), and the shape measurements in Singh & Mandelbaum
(2016) were not corrected for it.

7. Conclusion

We quantified the alignment of satellite galaxies with respect
to the BGG in galaxy groups. Using galaxies from the GAMA
survey and KiDS imaging data in g, r and i-band filters we
ensured a high fidelity galaxy group catalogue and accurate shape
measurements from the DEIMOS shape measurement method.
We controlled systematic effects due to the shape measurement
process as well as contamination to the alignment signal from
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the extended light profile of the BGG with dedicated image
simulations.

The satellite alignment signal was obtained by calculating
the average tangential ellipticity of satellite galaxies relative to
the BGG position. Our measurements for shapes in the r-band
revealed a significant radial satellite alignment signal that is
stronger for satellites closer to the BGG and vanishes at large
projected separations. Measurements in the g and i-band images
implied an apparent stronger alignment in these filters com-
pared to r-band observations, but the data did not allow for a
robust conclusion. We did not detect any significant trend of the
amplitude of the satellite alignment signal as a function of satel-
lite/BGG absolute magnitude or of group mass.

We also split the satellite sample into red galaxies with low
sSFR and blue galaxies with high sSFR. We found that red satel-
lites have a higher alignment signal than blue satellites. This
behaviour could arise from the fact that blue satellites have
spent less time in the environment of the group, therefore having
weaker alignment with it, as well as the difference in alignment
mechanism between the two galaxy populations.

Furthermore we probed the galaxy scale dependence of satel-
lite alignments. We varied the radial weight function employed
during the shape measurement process, which results in shape
measurements that reveal different parts of the galaxy. A small
weight function gives more emphasis to the central region of
a galaxy while shapes with a large weight function are also
affected by the galaxy outer regions. Fitting a power-law func-
tion with a fixed slope of −2, we found a dependence of the
satellite radial alignment on the weight function size for both
red and blue satellite galaxies. The alignment signal is stronger
for outer satellite galaxy regions. Notably, we detected a strong
alignment signal for blue satellites around their BGG when using
the two largest weight functions. These results are in line with
the expectation that intrinsic alignments are mainly generated by
tidal forces and outer, less bound, regions of a galaxy are more
affected by these forces.

We found that satellites are preferentially distributed along
the semi-major axis of the BGG, with the innermost satellites
being more strongly aligned than the outermost. In addition,
when the BGG’s shape is determined with a larger weight funci-
ton, the alignment at small scales is stronger, meaning that outer
isophotes of the BGG are more strongly aligned with their satel-
lites. Splitting the sample into groups with a red or a blue BGG,
we found that red BGGs are more strongly aligned than blue
ones, the latter being aligned mostly with their close satellites.
It is not clear whether the BGG-satellite alignment scale depen-
dence is caused by the tidal nature of the intrinsic alignments or
from the direction of the in-falling matter into the galaxy group.

We also examined whether the global intrinsic alignment
signal (correlating all galaxy shapes with all galaxy posi-
tions) depends on the galaxy scale. We computed the projected
position-shape correlation function using shapes from two dif-
ferent weight functions and then subtracted the two alignment
measurements. We found that the intrinsic alignment signal dif-
ference, when using only central galaxies, is consistent with
zero; no galaxy scale dependence is detected for central galax-
ies. When we consider the whole GAMA galaxy sample there
seems to be a positive difference of alignment signal in interme-
diate scales, which however is small compared to our error bars.
From this result we conclude that the global intrinsic alignment
signal does not depend strongly on the galaxy scale, within the
errors of our measurements.

The GAMA sample is flux limited and the galaxy population
resembles samples commonly used in cosmic shear studies (see

e.g. Johnston et al. 2019). Since the galaxy scale dependence on
the alignment signal is measured to be consistent with zero, we
conclude that weak gravitational lensing studies that use infor-
mative priors of intrinsic alignments, where the alignment signal
is measured with a different shape estimator than the shear sig-
nal, will not be biased because of the difference in shape mea-
surements.
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