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Introduction
❖ Mass segregation means concentration of the most 

massive galaxies towards the center of the group. 

❖ The study of mass segregation in groups can be used to 
understand physical processes such as dynamical 
friction, galaxy mergers, and tidal stripping. 

❖ Presence or absence of stellar mass segregation in galaxy 
group has remained contentious issue (van den Bosch et 
al. 2008, Balogh et al. 2014, Roberts et al. 2015 vs Wetzel 
et al. 2012, Ziparo et al. 2013 etc). 



WAVES cone plot 
SDSS&scale&project&locally&to&very&low&mass&AND&out&&to&z~0.8&Galaxy groups data

Observed: 
Galaxy And Mass Assembly 
(GAMA) spectroscopic survey

• 300K galaxies (Driver’11,Liske’15 )
• group catalog (Robotham’11)
• 12X5 deg^2 centered at 9, 12, 14.5 hrs

Simulated:
GALFORM semi-analytics
(Gonzalez-Perez’14)
• GAMA light cones  (Merson’13)

EAGLE hydro-simulations
(Schaye’15, McAlpine’16)



No segregation, No redshift evolution 
• Magnitude limited r<19.8
• Redshift range z<0.32
• Halo Mass range  

log[M200/(h^-1 Msun)] = 
[12-14.50)

• Halo mass: group velocity 
dispersion, stellar mass: g-i 
colour and z (Taylor’11). 
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Figure 2. Stellar mass (M⋆) of the satellites versus the host halo mass
(M200) as labelled in each panel from top to bottom is GAMA, GAMA-
Mock, and EAGLE data. The colour of each pixel represents log number
count of galaxies as labelled in the colour bar alongside. Note, this shows
the entire sample for all the three data sets and is not just limited to the
stellar mass complete sample.

Figure 3. Determination of the stellar mass completeness as a function of
redshift. The panel at the top shows GAMA data, the middle-panel shows
the GAMA-Mock, and the bottom one shows EAGLE data. All panels show
stellar mass-redshift joint distributions colour coded by counts in the log
scale. Dashed red lines show stellar mass complete sample in different
redshift windows. The white dashed line on the top-left panel is the running
90th percentile of the distribution.
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Figure 4. Stellar mass distributions of satellite galaxies in the galaxy group catalogues taken from GAMA (top row), GAMA-Mock
(middle row) and EAGLE (bottom row). In all panels, di↵erent colours represent di↵erent halo mass range. The left column shows
the radial runs of the central-tendency of log(M?) of the galaxies in galaxy groups of di↵erent halo mass ranges for z 2 (0.00, 0.32]
with log(M?) > 10.0. Means of the log(M?) are shown with solid lines and medians are shown with faint dashed-dotted lines whereas
the faint dashed lines above(below) the solid lines are the 84th(16th) percentile of the log(M?) in a given data range. The column
in the right side shows expectations of log(M?) in di↵erent redshift sub-samples as a function of halo mass. Here, the dashed, solid
and dotted lines represent means of the log(M?) in z 2 (0.00, 0.14] with log(M?) > 9.1, z 2 (0.14, 0.22] with log(M?) > 9.7 and
z 2 (0.22, 0.32] with log(M?) > 10.0 respectively.
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Figure 8. Spatial mass distribution in SDSS galaxy groups as a function of host halo mass. Panel (a) and (b) show results with SDSS group catalogue of Yang
et al. (2007) using bundance matched and velocity dispersion based halo masses respectively. Panel (c) shows results with SDSS group catalogue of Saulder
et al. (2015) using velocity dispersion based halo masses. The samples are stellar mass limited to log [M⋆/(h−1 M⊙)] ≥ 10.2. Mean values are shown with
bold solid lines whereas faint lines represent percentiles as in Fig. 4(a). Different colours show different halo-mass ranges as depicted in the box at the bottom
of the figure.

also the values recommended from the recent investigation on the
performance of FoF algorithm among various existing group cata-
logues by Duarte & Mamon (2014). Secondly, to be consistent with
our earlier observations with GAMA, GAMA-Mock, and EAGLE,
we re-estimate physical properties such as galaxy and group masses,
group radius etc. for the Saulder et al. (2015) group catalogue with
methods described in the Section 2.4.

In Fig. 8(c), we present our results for SDSS data using the Saul-
der et al. (2015) group catalogue. Here, to facilitate comparison
with previous works with SDSS (e.g. Roberts et al. 2015, etc.), we
only investigate stellar mass limited sample of log [M⋆/(h−1 M⊙)]
≥ 10.2. Also note that, like in the above subsections here also we
scale group radii with corresponding R200. Since we are mainly
interested in the gradient of the radial distribution of the satellite
stellar masses the effect of the choice of " = 180 versus 200 is min-
imal in the direct comparison between results in Figs 4(a)–(c) and 8,
and e.g. van den Bosch et al. (2008). In Fig. 8(c) we demonstrate
that the recent SDSS group catalogue of Saulder et al. (2015) also
does not show any mass segregation, where the maximum value of
the slope of trend lines for all the halo-mass ranges is 0.01 ± 0.01.
This is in an agreement with our findings from GAMA, GAMA-
Mock, and EAGLE data and also, from the studies of SDSS data by
Wetzel et al. (2012) whereas in contradiction with the other studies
of SDSS data by van den Bosch et al. (2008) and Roberts et al.
(2015).

The differences in the mass segregation trends observed in SDSS
data by Wetzel et al. (2012), Saulder et al. (2015), and by van den
Bosch et al. (2008); Roberts et al. (2015) could perhaps be due to the
inaccuracies associated with the group finding in the very first place.
To investigate this, here, we directly adopt the group catalogue of
Yang et al. (2007, Y07) for SDSS data. In Fig. 8(a), we demon-
strate that we recover the mass segregation trend in the Y07 group
catalogue. The magnitude of mass segregation in Y07 here ranges
from −0.08 ± 0.01 dex for log [Mhalo/(h−1 M⊙)] ∈ [13.0, 13.5] to
−0.05 ± 0.01 dex for log [Mhalo/(h−1 M⊙)] ∈ (14.5, 15.0) i.e. seg-
regation becomes sallower with increase in the halo masses, which

are roughly consistent with earlier work by Roberts et al. (2015). To
produce this result, we take the galaxy and group properties from
the published group catalogue of Y07. Note, the halo masses in the
Y07 catalogue are based on two measurements: the total luminosity
or total stellar mass of the all group members brighter than Mr <

−19.5. We find that using either of these two estimates for halo
mass makes negligible difference in observed mass segregation. In
Fig. 8(b) we repeat the same analysis with the group catalogue of
Y07 but using implied dynamical halo mass measured from veloc-
ity dispersion as described in Section 2.4.4, and consistent with the
cases of GAMA, GAMA-Mock, EAGLE, and Saulder et al. (2015)
SDSS group catalogue. As a final check, for both the left-hand and
mid panels of Fig. 8, we compute log [M⋆/(h−1 M⊙)] using the
relations in Y07, which is a function of g- and r-band magnitudes
instead of one given in equation (2). We find that the differences
of these two colour based calibrations for galaxies stellar mass has
negligible influence in our result. Comparing panels (a) and (b) of
the figure, we note that the segregation is already reduced when
switched to velocity dispersion based mass estimate. In particular
for a case of log [Mhalo/(h−1 M⊙)] < 13.5 in middle panel the seg-
regation is almost negligible (!0.03 dex from !0.07 dex). This
result is consistent with our findings from GAMA, GAMA-Mock,
and EAGLE, strictly speaking to the cases of z ≤ 0.14 given the
shallower redshift range of SDSS data.

If we compare Fig. 8(b) with Fig. 8(c) we can see that there are still
some segregation trends visible in the larger log [Mhalo/(h−1 M⊙)]
> 13.5 cases. This could possibly be due to subtleties of group-
finding scheme, linking lengths, or their complex combination.
Moreover, Y07 use an imprecise scheme to estimate the depen-
dence of luminosity incompleteness on redshift in their flux-limited
sample as discussed in Duarte & Mamon (2015) and is also appar-
ent in fig. 4 of Y07. These errors in the luminosity incompleteness
propagate to the inferred group masses. Thus, the dramatic decrease
in the segregation trend between Fig. 8(a) (equivalent to fig. 1 in
van den Bosch et al. 2008) and Fig. 8(b) appears to be due to the
luminosity based halo-mass measurements provided in Y07.
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Figure 1. The average satellite mass as a function of the normal-
ized, projected radius from the group center. Different lines corre-
spond to different bins in halo mass, as indicated. Two trends are
evident. First of all, at a given Rproj/R180 more massive haloes
contain, on average, more massive satellites. Secondly, there is
clear evidence for mass segregation, with more massive satellites
(in a given halo mass), residing at smaller (projected) radii.

3 RESULTS

The main aim of this paper is to investigate the condi-
tional probability functions P (0.1(g− r)|M∗, Mh, Rproj) and
P (C |M∗, Mh, Rproj) of satellite galaxies. In particular, we
wish to establish which of the conditionals, M∗, Mh or
Rproj/R180, is most relevant for setting the colours (related
to the star formation histories) and concentrations (related
to the mass-assembly histories) of satellite galaxies.

In order to facilitate the interpretation of these proba-
bility functions and their moments we first focus on the in-
terrelations between the three conditionals. These are nicely
summarized in Fig. 1, which plots the average stellar mass
of the satellite galaxies, ⟨log[M∗/(h

−2 M⊙)]⟩, as function
of Rproj/R180 for different bins in halo mass. Two trends
are clearly apparent: at fixed Rproj/R180, the average satel-
lite mass increases with increasing halo mass, while at fixed
Mh, the average satellite mass decreases with increasing
Rproj/R180. The former simply reflects that the charac-
teristic mass (or luminosity) of satellite galaxies increases
with increasing halo mass (cf., Yang et al. 2005c; Zheng et
al. 2005; Skibba, Sheth & Martino 2007; Yang, Mo & van den
Bosch 2008). The latter indicates that the spatial distribu-
tion of satellite galaxies in dark matter haloes has undergone
some mass segregation, and is consistent with the luminos-
ity segregation observed in galaxy clusters (e.g., Rood &
Turnrose 1968; Quintana 1979; den Hartog & Katgert 1996;
Adami, Biviano & Mazure 1998; Lares, Lambas & Sánchez
2004; McIntosh et al. 2005). As we will see below, these two
trends are essential for understanding the various relations
between colour and concentration on the one hand and halo
mass, stellar mass, and halo-centric radius on the other.

3.1 First Moments

As a first step in our investigation of P (0.1(g −
r)|M∗, Mh, Rproj) and P (C |M∗, Mh, Rproj) of satellite
galaxies we focus on their first moments. Fig. 2 shows the re-
lations between the 0.1(g−r) colour of satellite galaxies and
their halo mass Mh, their stellar mass M∗, and their normal-
ized, projected, halo-centric radius, Rproj/R180. The upper
panels show contour plots of the various distributions, while
the solid lines reflect the average colour. Panel (a) shows that
the colour distribution of satellite galaxies has a remarkably
weak dependence on halo mass: over the entire range of halo
masses probed the colour distribution is clearly skewed, with
a relatively narrow peak near 0.1(g − r) = 0.85 and an ex-
tended wing to bluer colours. There is a weak trend, though,
that the average satellites are somewhat bluer in less massive
haloes.

The colour-stellar mass distribution, shown in panel
(b), reveals a pronounced and narrow red sequence which is
clearly tilted with more massive red sequence satellites being
redder. In fact, this colour-stellar mass relation of satellite
galaxies looks very similar to that for the entire galaxy pop-
ulation (cf. Fig. 7 in Paper 1). We emphasize that this is
not a trivial result since satellite galaxies only contribute
between 20 and 40 percent of the entire galaxy population
(see §1). As discussed in Paper I, it implies that centrals and
satellites of the same stellar mass have very similar colour
distributions, which already puts tight constraints on the
efficiencies with which the various satellite specific transfor-
mation processes operate.

Panel (c) of Fig. 2 shows the distribution of satellite
galaxies as function of 0.1(g−r) and Rproj/R180. First of all,
the number of satellites seems to peak around Rproj/R180 =
0.15; the rapid decline toward smaller radii, however, is an
artefact of the data sample, and owes to the problem of
fiber collisions in the SDSS. Since galaxies lost from the sur-
vey due to fiber collisions do not have any specific colours
or concentrations, this has no impact on our results, as we
demonstrate in §4.2. The steady decline in the number of
satellites at larger radii is genuine, and simply reflects the
fact that the number density of satellites decreases with in-
creasing halo-centric radius faster than r−1 (e.g., Beers &
Tonry 1986; Carlberg, Yee & Ellingson 1997a; van der Marel
et al. 2000; Lin, Mohr & Stanford 2004; van den Bosch et
al. 2005; Chen 2007). Finally, there is also a clear indication
that satellites at larger halo-centric radii are, on average,
bluer. Again, this is consistent with numerous other studies
(e.g., Biviano et al. 1996; Colless & Dunn 1996; Carlberg et
al. 1997b; Lares et al. 2004).

The lower six panels of Fig. 2 show the average 0.1(g−r)
colour of satellite galaxies as function of Mh (left column),
M∗ (middle column) and Rproj/R180 (right column). Lines
of different colours correspond to different bins in one of
the other two parameters, as indicated at the top of each
panel. Errorbars (often barely visible) reflect the standard
deviations obtained using the jackknife technique. To that
extent we divide the group catalogue in N = 20 subsamples
of roughly equal size, and recalculate the mean colour 20
times, each time leaving out one of the 20 subsamples. The
jackknife estimate of the standard deviation then follows
from

c⃝ 2007 RAS, MNRAS 000, 1–??

van den Bosch et al. 2008
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Figure 1. All panels show mean mass as a function of normalized radial distance for various halo mass bins, with error bars corresponding to 1σ statistical
errors. The solid lines correspond to weighted least-squares fits for each halo mass bin. Top left: unweighted sample, for galaxies with log(Mstar/M⊙) > 10.5.
Top right: unweighted sample, for galaxies with log(Mstar/M⊙) > 10.0. Botton left: Vmax-weighted sample, for galaxies with log(Mstar/M⊙) > 9.0. Bottom
Right: Vmax-weighted sample, for galaxies with log(Mstar/M⊙) > 8.5. Note that different mass scales are used in each panel. There are more halo mass bins
in the bottom row due to the increased number of low-mass galaxies as a result of Vmax weighting.

high-halo-mass samples, which leads to a smaller mean stellar mass
in the Vmax-weighted results shown in Figs 1(c) and (d). While
this introduces a shift in normalization, it does not affect the mass
segregation trend and therefore does not change the key result that
mass segregation depends on halo mass.

3.2 Massive galaxy fraction

An alternative way to investigate galaxy populations within the
group sample is to study the fraction of ‘massive’ galaxies at various
group-centric radii. In Fig. 2, we plot the fraction of massive galaxies
as a function of radial distance for two different definitions of what
constitutes a massive galaxy. We calculate the massive fraction for
each radial bin as

fm(Mcut) = # galaxies with Mstar > Mcut

# galaxies with Mstar > 1010 M⊙
, (5)

where Mcut is a stellar mass cut-off above which we define a mas-
sive galaxy. We initially apply a high-mass galaxy cut, Mcut at
1010.25 M⊙, corresponding to the median stellar mass of the un-
weighted sample (with the low-mass cut at 1010 M⊙). Comparing
Figs 1(b) and 2(a) we see essentially identical trends. We observe
the same trends of mass segregation whether we look at the average

galaxy mass at a given radius, or consider the fraction of massive
galaxies.

To confirm that this trend is robust regardless of the mass cut-off
used to define a massive galaxy, we make the same plot but now use
Mcut = 1010.5 M⊙. Comparing Figs 2(a) and (b) we see that while
the overall fractions of massive galaxies decrease with increasing
the stellar mass cut, the trend essentially stays the same. There is
clear evidence for mass segregation and the strength of the mass
segregation depends on halo mass.

4 D ISCUSSION

4.1 Effect of including low-mass galaxies

The results in Fig. 1 show that mass segregation generally increases
when lower mass galaxies are included. To quantify this effect we
can compare the best-fitting slopes corresponding to the high-mass
and the low-mass cut samples.

For a given halo mass, the low-mass cut sample displays larger
slopes than the high-mass cut sample for two of the halo mass
bins. The slopes corresponding to the other two halo mass bins
are consistent with being equal. For the weighted samples we find
similar results with the low-mass cut sample showing larger slopes

MNRASL 448, L1–L5 (2015)

Roberts et al. 2015

Kafle et al. 2016
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Figure 5. Radial distribution of the stellar mass of the satellite galaxies in EAGLE galaxy groups out to a fainter magnitude limit of rmag < 22. Top panels
show distributions in projected space, i.e, in observational space with inferred values for the masses. Bottom panels show the distributions using the full 3D
information of the galaxies in groups and also, using the intrinsic values for stellar and halo masses. The meanings of the different line types in the above figure
are identical to Fig. 4.

distributions at z ∈ (0.22, 0.32] in the top and mid panels in Fig. 3.
Overall, comparing panels (d), (e), and (f) of Fig. 4 we conclude that
in overall there is negligible mass segregation in the groups with
absolute gradient !0.08 and consistent to zero when uncertainties
in the slope is considered. Interestingly, the satellite stellar masses
as a function of scaled group radii for all the three data sets do not
show any redshift evolution either.

3.3 Mass segregation in EAGLE data out to r < 22 mag?

The EAGLE data can give us more insights into the stellar mass
distribution of satellite galaxies in groups beyond what current ob-
servable data can offer. In particular, it allows us to probe galaxies,

and hence groups, at fainter magnitude, and to observe stellar mass
distributions in 3D space with theoretically intrinsic values for key
quantities such as log (M⋆) and log [M200/(h−1 M⊙)] instead of the
estimated values based on simple observed scaling relations.

The stellar mass resolution limit of the EAGLE simulation is
log (M⋆) > 8.2. This means we can probe to a fainter magnitude limit
of rmag < 22 allowing us to make predictions that can be tested with
group catalogues generated from the future redshift surveys such
as WAVES (Driver et al. 2016). The apparent magnitude limit to
r < 22 mag means that we can now study satellite mass distribution
out to a redshift z ≤ 0.75. Results shown in the top panels (a) and
(b) of Fig. 5 are obtained repeating the same analysis as in the
bottom panels (c) and (d), respectively of Fig. 4, but with the fainter
magnitude limited sample of r < 22 mag.
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Conclusion

❖ Negligible stellar mass segregation (gradient <0.08 dex) in GAMA galaxy groups out to 
z<0.32 and halo mass range log (M200/Msun) =  12-14.5,

❖ Consistent predictions from galaxy groups in EAGLE and GALFORM models,

❖ GAMA results are robust to definitions of halo mass (velocity dispersion/weak-
lensing relation/luminosity based) and halo center (BGG vs Luminosity weighted),

❖ The subtle differences between the group-finding algorithms could be the root cause of 
trends observed in SDSS,

❖ The apparent lack of mass segregation in groups suggest that whatever processes might 
enhance the effect is sub-dominant compared to competing and masking processes,

❖ For more details: Kafle et al. 2016, MNRAS, 463, 4194

❖ Please visit the poster.           

——  Thanks  ——


