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Figure 8. Mean ellipticity components and position angles similar to Fig. 7 but binned in the logarithm of the group mass proxy. The mass proxies are derived
by matching the observed group sizes and velocity dispersions to those in the GAMA mock catalogues and taking matched dark matter halo masses (Robotham
et al. 2011), where the halo masses are those of the GALFORM DHalos (Helly et al. 2003) that are roughly equivalent to the enclosed mass equal to 200 times

the critical density.

Figure 9. Mean ellipticity components and position angles similar to Fig. 7 binned in the median group redshift.

the radial alignment significance in each cut sub-sample indepen-
dently. However, we cannot infer the joint significance of any ra-
dial, mass or redshift dependence with our approach. Our measure-
ments can identify important features needed in a radius-dependent
model for the radial alignment angle distribution, but we are sta-
tistically limited by the size of our sample in constraining such a
model.

Our radial alignment measures deviate from the expectation for
random alignments at 1o significance in two of the three lowest
radius bins for both shape estimators and galaxy types in Fig. 7.
For the early-type galaxies, the largest radius bins in Fig. 7 show
radial alignment measures that are consistent with tangential align-
ment at 99 per cent confidence (or 3¢). But, we are statistically lim-
ited in drawing any conclusions from the measured values at large
radii.

The tidal torquing mechanism predicts stronger radial alignments
at smaller fractions of the virial radius (except at radii where satellite
galaxies are at the perihelion of elliptical orbits, Pereira et al. 2008).
Our uncertainties in Fig. 7 are too large to detect aradius dependence

in the position angle distributions. We note again however, that our
observed radial alignments are much weaker than that found for the
alignments of haloes in N-body simulations (Knebe et al. 2008b).
Our observed mean position angles are consistent at 2 with previ-
ous measurements using SDSS isophotal shapes (Pereira & Kuhn
2005; Faltenbacher et al. 2007), which found equivalent values of
(¢p) ~ 42-44° with (¢) increasing with increasing group radius.
However, we systematically favour mean position angles closer
to 45° than in previous SDSS isophotal measurements, which we
attribute to the PSF correction in our two shape estimators as dis-
cussed further in Appendix A. The mean e, ellipticity component
is always consistent with zero in agreement with our expectations
in the absence of dominant systematic errors in the shape mea-
surements. Because all mass bins in Fig. 8 are consistent within the
uncertainties, we do not detect any host halo mass dependence in the
radial alignment distributions. The highest group mass bin in Fig. 8
(M > 10" h~'M() has a non-null detection of radial alignments at
68 per cent confidence for both galaxy types and shape estimators.
It is noteworthy in this context that Knebe et al. (2008a,b) find that
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the sub-halo radial alignment distributions in N-body simulations
are independent of host halo mass.

Similarly in Fig. 9 we do not detect any redshift dependence in the
radial alignment distributions, except for early-type galaxies using
the SIGMA-derived shapes. In that case, the lowest and highest
redshfit bins are inconsistent within their 68 per cent confidence
intervals, with the radial alignments stronger at high redshift. The
significant radial alignment in the two highest redshift bins for early-
type galaxies in Fig. 9 (versus null detections in the two lowest
redshift bins) may be due to a correlation between halo mass proxy
and redshift in our catalogue. Within the highest mass bin in Fig. 8,
40 per cent of the groups have redshifts greater than 0.25 and are
therefore also in the highest redshift bin in Fig. 9. But, our catalogue
is too small to explore this correlation in more detail.

4.1 Lensing contamination

Our measurement of (e, ) can be used to estimate the contamination
of the weak lensing signal around galaxy groups when galaxies in
the lens plane are confused with background source galaxies due to
photometric redshift uncertainties.

The surface mass density contrast is often measured to estimate
masses of isolated objects from weak lensing (e.g. Blazek et al.
2012),

AT =3 (yE+ v, ©)

where yC is the tangential galaxy shear induced by lensing, y* is
a spurious shear due to intrinsic alignments of lens-plane galaxies
that are mixed with the source sample, and X, is the lensing critical
surface mass density (e.g. Bartelmann & Schneider 2001).

The shear is related to the observed ellipticity by the shear re-
sponsivity, y & (e)/2R. The amount of intrinsic alignment con-
tamination also depends on the fraction of ‘source’ galaxies that are
actually at the redshift of the lens plane (Fischer et al. 2000). This
depends on the photometric redshift uncertainty and the projected
radius from the centre of the group as the number density of lens-
plane galaxies increases towards the group centre. The dependence
of the source sample contamination on group radius is called the
‘boost factor’ B(r) in Blazek et al. (2012), where (B(r) — 1)/B(r) is
the fraction of lens-plane galaxies in the source sample.

Assuming R = 0.87, our observed e, for groups with three or
more members implies

AY = —10+200 x (B(r)—1)  hMg pc 2, (7

at a mean radius of the sample of ~300/~! kpc, and where the
errors are dominated by the sample variance estimated from the
mock group catalogues and give the 1o uncertainties. For haloes of
massive early-type galaxies and an assumed photometric redshift
contamination at this radius of B(r) — 1 = 0.1, the estimated AX
in equation (7) is approximately —1 % 20 percent of the lensing
signal measured in Mandelbaum et al. (2006b).

5 CONCLUSIONS

We have constrained the distribution of satellite galaxy radial align-
ment angles within GAMA groups independently as functions of
group multiplicity, radius, mass proxy and redshift. For all sub-sets
of our catalogue and definitions of galaxy shape estimators we con-
sider, we observe a statistically weak radial alignment signal that
is different from the predictions from dark matter N-body simu-
lations. Our comparisons with simulations are complicated by the

fact that most published simulations make predictions about (un-
observable) dark matter alignments, rather than observable baryon
alignments. We conclude that our measurements give strong evi-
dence for large misalignments between dark matter and baryonic
(i.e. stellar) shapes, which imply there are fundamental and impor-
tant baryonic physical processes that decouple the baryons from the
dark matter in group and cluster environments (e.g. Sharma, Stein-
metz & Bland-Hawthorn 2012). However, it is also possible that
the dark matter may still be coupled with the baryons and have the
same alignments, in which case the predictions of the dark matter
alignments from simulations are incorrect. We consider this latter
possibility unlikely, but mention it here for completeness.

The degree and significance of the radial alignment statistics de-
pend on the method used to measure satellite galaxy shapes. Using
PSF-corrected 2D model fits measured in SDSS imaging to define
satellite galaxy orientations (Kelvin et al. 2012), we detect satel-
lite radial alignments at greater than 99 per cent confidence for all
group multiplicities, but with mean position angles systematically
larger than previous measurements in SDSS (that had no PSF cor-
rections). Using galaxy shape estimates optimized for weak lensing,
we detect radial alignments at a weaker 95 per cent confidence but
find best-fitting radial alignment angle distributions of similar width
to those inferred from the SIGMA shapes. We use an ensemble of
mock group catalogues based on N-body simulations to estimate the
sample variance errors of our measurement, which are the dominant
source of uncertainty.

For both our galaxy shape estimators, our non-uniform radial
alignment detections are most significant at group radii less than
~0.4 ryi;, at group masses larger than ~10'* h~! M, or at redshifts
larger than ~0.17. But we do not have sufficient statistics to bin in
combinations of these group properties. Also, our sample variance-
dominated uncertainties are too large to detect any clear dependence
of the radial alignments on group radius, mass or redshift. Finally,
we note that radial alignment measurements at small radii and high
redshifts are most likely to be susceptible to systematics such as
position angles errors at small radius and less accurate galaxy sizes
and ellipticity measurements for small galaxies at high redshift.

While the trends in our data are consistent with the predictions
from N-body simulations that find radial alignments to be created by
tidal torquing within the group gravitational potential, our measured
alignments using either of our galaxy shape estimators are weaker
than any existing predictions in the literature. We speculated that
the slightly larger radial alignments detected using the galaxy Sérsic
model fits may indicate that tidal torquing acts to align the outer
shapes of galaxies more efficiently, but we are limited in exploring
this mechanism further by our sample size.

The radial alignments of satellite galaxies are also a concern for
weak lensing measurements of group and cluster masses when lens
and source galaxy samples must be inferred via photometric red-
shifts (e.g. Blazek et al. 2012). If the galaxies in the lens plane
have strong intrinsic alignments and if some lens-plane galaxies are
mistaken for background sources, the lensing measurements can be-
come biased. With our observed mean ellipticity components that
include typical lensing inverse noise weights, we have discovered
that intrinsic alignments may be less than a 20 per cent contami-
nation for photometric weak lensing measurements of high mass
groups. We leave a more thorough modelling of the intrinsic align-
ment contamination in lensing measurements for further work. Our
results also have implications for the magnitude of the small-scale
intrinsic galaxy alignment contamination to cosmic shear measure-
ments, where the predictions of Schneider & Bridle (2010) are likely
to be an overestimate of the small-scale cosmic shear contamination.
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In future work we also plan to study the 3D shapes of sub-haloes
in the GAMA mocks to understand both what 3D misalignments
are required to match the observations and how the projection of 3D
triaxial galaxy shapes should be interpreted (see, e.g. Bett 2012).
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APPENDIX A: GALAXY ISOPHOTAL SHAPE
COMPARISON

In Section 2.2, we introduced two methods for estimating galaxy
shapes, the REGLENS pipeline optimized for weak lensing mea-
surements and r-band Sérsic model fits (SIGMA). For the Sérsic fits,
we use the output of the SIGMA pipeline developed for the GAMA
survey and described in Kelvin et al. (2012). However many pre-
vious measurements of galaxy radial alignments in the literature
have relied on isophote measurements provided in the SDSS cas
catalogue. For the measurements we present here, a key difference
between the SIGMA and CAS pipelines is that SIGMA includes
corrections for the rounding effect of the PSF that are not applied in
the CAS measurement. We also note that the CAS catalogue does
not provide any isophote measurement uncertainties. In this sec-
tion, we compare some galaxy properties derived from the SDSS
cas and GAMA SIGMA pipelines. For completeness, we also in-
clude results from the GAMA team IOTA pipeline that is based
on non-PSF corrected nine-band isophote measurements (Hill et al.
2011; Liske, in preparation). Because of the lack of PSF correc-
tion, we expect the IOTA and CAS measurements to be similar in
yielding rounder galaxy shapes than the SIGMA and REGLENS
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Figure A1. Comparison of galaxy shape properties using the SDSS cas (isophotal) and GAMA SIGMA (model fit) and IOTA (isophotal) measurements
(based on similar SDSS imaging data). The left-hand panel compares the ellipticity magnitudes while the right-hand panel compares the radial position angles

with respect to the group centres.
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Figure A2. Mean radial alignment statistics with different minimum group
multiplicity cuts. The circles show the mean statistics derived when using
the 25 mag per square arcsec. Isophotes from the SDSS DR7 cas catalogue
to estimate galaxy shapes and orientations. The triangles show analogous
results when the galaxy isophotes are derived from the same SDSS imaging
data but using the IOTA pipeline developed for the GAMA survey (Kelvin
et al. 2012). The error bars for the IOTA measurements show the error
on the mean statistics derived by formally propagating the measurement
errors on the isophote axis measurements for each galaxy. There are no such
error estimates supplied in the cas catalogue. The squares show the SIGMA
derived values (based on Sérsic model fits), which are those used in the main
body of the paper.

pipelines. In the left-hand panel of Fig. A1 we show the galaxy
ellipticity magnitudes derived from both the cas and IOTA isophote
measurement pipelines compared with the SIGMA measurements.
As expected, the SIGMA ellipticities are systematically larger than
those derived from the cas and IOTA catalogues with a non-linear
relationship between the bias and the ellipticity magnitude (round
galaxies stay round after PSF convolution).

‘We compare the radial projected position angles (as defined in the
left-hand panel of Fig. 1) in the right-hand panel of Fig. A1. There is
much larger scatter between the position angle measurements than
in Fig. 3, including 25 per cent of all galaxies with position angle
mismatches larger than 15°. Restricting the comparison to galaxies
with major axes spanning more than 12 SDSS pixels and ellipticity
magnitude greater than 0.2 reduces the fraction of galaxies with
position angle mismatches larger than 15° to 15 per cent. This trend
is qualitatively consistent with the expectation that the PSF would
mostly affect the observed orientations of rounder galaxies with
smaller angular sizes. In Fig. A2, we plot the mean radial alignment
statistics as functions of minimum group multiplicity as in Fig. 6.
The error bars here show solely the measurement uncertainties,
while the much larger sample variance errors are omitted. For both
the e and position angle statistics, the isophotal shapes from the
cas catalogue yield systematically stronger radial alignment mea-
surements than those from the SIGMA pipeline. The mean position
angles measured with the cas and IOTA catalogues show a less
consistent trend however. The e, component in the middle panel
of Fig. A2 (which is expected to be zero in the absence of system-
atics) has comparable magnitude for both isophote measurement
pipelines. We therefore conclude that the uncorrected effects of the
PSF in the SDSS cas catalogue isophote measurements are likely
to cause overestimates of the radial alignment of galaxies in groups
and clusters. This is an important effect to consider when compar-
ing our results with previous measurements relying on the SDSS
catalogue.
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