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Outline

• Introduction - environment at the loose group range
• A simulated 10 Mpc (7 Mpc/h) sphere
• MW mass galaxies
• Trends of MW mass galaxies
• Conclusions
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Environment and galaxy formation

• Ellipticals more clustered than spirals (morphology-density, 
Dressler 1980 etc.)

• Environment is correlated with colour (clusters suppress 
star formation w.r.t. field, e.g. Blanton et al. 2003)

• In groups the effect is weaker, still see morphology-density, 
effect on gas in disks more controversial (McGee et al. 
2008)

• MW and M31 at the extreme end, a pair or ‘loose group’
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Effects of pairs in simulations

• Simulated MW mass field galaxies vs pairs exhibit little 
visible (morphological) difference (Few et al. 2012)

• No difference in concentrations or stellar masses within 
R200 , but an increased number of ‘backsplash’ galaxies 
(Garrison-Kimmel et al 2014)

• Filamentary structures more important? (Bahe et al 2013, 
Nuza 2014)
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A 10 Mpc sphere of CLUES ICs

A high-resolution region 
surrounding the 
simulated local group 
that at z=0 is 
approximately spherical, 
with 10 Mpc (7 Mpc/h) 
radius (provided by 
Gustavo).

ΩM=0.279, ΩΛ=0.721, 
Ωbar=0.046, h=0.7, 
σ8=0.8

Mgas=5x105 Msun
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10 Mpc

Gas DM
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How common are MWs?

• Stellar mass 1010.5-1011.5Msun

• 1 per ~350 Mpc3 at z=0
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4 Moster et al.

FIG. 1.—A comparison between the halo mass function offset by a factor of
0.05 (dashed line), the observed galaxy mass function (symbols), our model
without scatter (solid line) and our model including scatter (dotted line).We
see that the halo and the galaxy mass functions are different shapes, implying
that the stellar-to-halo mass ratio m/M is not constant. Our four parameter
model for the halo mass dependent stellar-to-halo mass ratio is in very good
agreement with the observations (both including and neglecting scatter).

SHM ratio is equal to (m/M)0, and two slopes β and γ which
indicate the behavior of m/M at the low and high mass ends
respectively. We use the same parameters for the central and
satellite populations, since – unlike luminosity – the stellar
mass of satellites changes only slightly after they are accreted
by the host halo.
Note that though both β and γ are expected to be positive,

they are not restricted to be so. The SHM relation is therefore
not necessarily monotonic.

3.2. Constraining the free parameters
Having set up the model we now need to constrain the four

free parameters M1, (m/M)0, β and γ. To do this, we pop-
ulate the halos in the simulation with galaxies. The stellar
masses of the galaxies depend on the mass of the halo and are
derived according to our prescription (equation 2). The po-
sitions of the galaxies are given by the halo positions in the
N-body simulation.
Once the simulation box is filled with galaxies, it is straight-

forward to compute the SMF Φmod(m). As we want to fit this
model mass function to the observed mass function Φobs(m)
by Panter et al. (2007), we choose the same stellar mass range
(108.5−1011.85 M⊙) and the same binsize. The observed SMF
was derived using spectra from the Sloan Digital Sky Survey
Data Release 3 (SDSS DR3); see Panter et al. (2004) for a
description of the method.
Furthermore it is possible to determine the stellar mass de-

pendent clustering of galaxies. For this we compute projected
galaxy CFs wp,mod(rp,mi) in several stellar mass bins which
we choose to be the same as in the observed projected galaxy
CFs of Li et al. (2006). These were derived using a sample
of galaxies from the SDSS DR2 with stellar masses estimated
from spectra by Kauffmann et al. (2003).
We first calculate the real space CF ξ(r). In a simulation

this can be done by simply counting pairs in distance bins:

ξ(ri) =
dd(ri)
Np(ri)

−1 (3)

where dd(ri) is the number of pairs counted in a distance bin
and Np(ri) = 2πN2r2i ∆ri/L3box where N is the total number of
galaxies in the box. The projected CF wp(rp) can be derived
by integrating the real space correlation function ξ(r) along
the line of sight:

wp(rp) = 2
∫ ∞

0
dr||ξ(

√

r2|| + r2p) = 2
∫ ∞

rp
dr

r ξ(r)
√

r2 − r2p
, (4)

where the comoving distance (r) has been decomposed into
components parallel (r||) and perpendicular (rp) to the line
of sight. The integration is truncated at 45 Mpc. Due to
the finite size of the simulation box (Lbox = 100 Mpc) the
model correlation function is not reliable beyond scales of
r ∼ 0.1 Lbox ∼ 10 Mpc.
In order to fit the model to the observations we use Powell’s

directions set method in multidimensions (e.g. Press et al.
1992) to find the values ofM1, (m/M)0, β and γ that minimize
either

χ2r = χ2r (Φ) =
χ2(Φ)
NΦ

(mass function fit) or

χ2r = χ2r (Φ)+χ2r (wp) =
χ2(Φ)
NΦ

+
χ2(wp)
Nr Nm

(mass function and projected CF fit) with NΦ and Nr the num-
ber of data points for the SMF and projectedCFs, respectively,
and Nm the number of mass bins for the projected CFs.
In this context χ2(Φ) and χ2(wp) are defined as:

χ2(Φ) =
NΦ
∑

i=1

[

Φmod(mi)−Φobs(mi)
σΦobs(mi)

]2

χ2(wp) =
Nm
∑

i=1

Nr
∑

j=1

[

wp,mod(rp, j,mi)−wp,obs(rp, j,mi)
σwp,obs(rp, j ,mi)

]2

,

with σΦobs and σwp,obs the errors for the SMF and projected CFs,
respectively. Note that for the simultaneous fit, by adding the
reduced χ2r , we give the same weight to both data sets.

3.3. Estimation of parameter errors
In order to obtain estimates of the errors on the parame-

ters, we need their probability distribution prob(A|I), where A
is the parameter under consideration and I is the given back-
ground information. The most likely value of A is then given
by: Abest = max(prob(A|I)).
As we have to assume that all our parameters are coupled,

we can only compute the probability for a given set of param-
eters. This probability is given by:

prob(M1, (m/M)0,β,γ|I)∝ exp(−χ2)

In a system with four free parameters A,B,C and D one can
calculate the probability distribution of one parameter (e.g.
A) if the probability distribution for the set of parameters is
known, using marginalization:

prob(A|I) =
∫ ∞

−∞
prob(A,B|I)dB

=
∫ ∞

−∞
prob(A,B,C,D|I)dBdCdD

Moster et al., 2010
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How common are MWs?
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8.5 Mpc

• 1 per ~350 Mpc3

• R=8.5 Mpc central 
region (uncontaminated)

• Volume ~2500 Mpc3

• 1 per ~350 Mpc3

• R=8.5 Mpc central 
region (uncontaminated)

• Volume ~2500 Mpc3

• About 7 MWs
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• 1010.5-11.5 in stellar

• Gas column 
density

• R200 in red circles

• Star forming gas 
highlighted in 
orange
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 Our 6 Galaxies

Creasey, Scannapieco et al., 2015 ApJ
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• 100 km s-1 for 12 Gyr, (ignoring cosmological expansion), 
giving some measure of the domain from which baryons 
fall to the halo, i.e. how far does a baryon move.

• Some baryons can move faster (>1000 km s-1!) but 
typically driven by SNe or AGN but not for anything like 
a Hubble time in MW mass objects. 

• At this distance the MW and M31 share an environment

• (‘Local volume’ for Garrison-Kimmel et al 2014)

9

The 1200 ckpc environment
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The 1200 ckpc environment
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Properties within R200
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Fig. 1.— Column density of gas (blue) overlaid with column
density of star forming gas (orange-white) for the zoom region at
z = 0. Red circles delimit the R200 for each galaxy of a similar
stellar mass to the MW (G1-G6), and the labelled insets enlarge
these regions. 1200 kpc is the radius of our environment measure,
and the width of the image is 20 Mpc.

TABLE 1
Main properties of the LG and Aquarius galaxies at z = 0:

virial radius (R200), virial mass (M200), and masses in
stars, gas and star-forming gas (Mstar, Mgas and MSF

respectively), all within the virial radius.

R200 M200 Mstar Mgas MSF

[kpc] [1010 M�] [1010 M�] [1010 M�] [1010 M�]

G1 245 168 8.1 6.6 0.479
G2 219 120 6.4 5.2 0.369
G3 211 108 6.8 3.6 0.078
G4 166 52 3.3 1.8 0.146
G5 177 63 4.4 1.8 0.151
G6 174 60 3.7 1.5 0.090

Aq-A 232 149 9.2 4.9 0.153
Aq-B 181 71 4.0 1.7 0.033
Aq-C 237 161 11.0 3.8 0.119
Aq-D 233 149 8.4 3.5 0.005
Aq-E 206 108 8.4 2.6 0.048
Aq-F 196 91 7.7 1.8 0.012
Aq-G 180 68 4.5 1.6 0.061
Aq-H 182 74 6.5 0.6 0.011

We choose a sample of galaxies with stellar masses in
the range 1010.5�11.5 M�, i.e. similar to the MW. For our
LG simulation this includes the M31 and MW candidates
G1 and G24 along with four other galaxies that we re-
fer to as G3-G6. These galaxies have no ‘contamination’
within 1200 comoving kpc (ckpc) from their centres, i.e.

4 Note that in Nuza et al. (2014b) these galaxies were referred
to as M31c and MWc respectively

they are su�ciently embedded in the zoom region to have
no nearby low-resolution particles. The environment of
these galaxies in gas and star-forming gas is shown in
projection in Fig. 1, along with insets to enlarge the prop-
erties within the virial radius. All the galaxy centres in
the LG sample are far (> 3Mpc) from the others, except
the pair G1 and G2 which are at 770 kpc5.
The eight Aquarius galaxies (denoted Aq-A to Aq-H)

live in disjoint environments and were resimulated indi-
vidually. Images of these galaxies can be seen in S09
and for previous studies of their formation histories and
properties we refer the reader to Scannapieco et al. (2009,
2010, 2011). Table 1 summarises the main properties of
the LG galaxies and Aquarius galaxies at z = 0 inside
their respective virial radii R200, where the density is 200
times the critical density ⇢c at the corresponding redshift.
The LG galaxies have stellar components that all show

some measure of rotational support, however when we
examine the components of angular momenta (e.g. as
in S09) we see that only half, G2, G3 and G4 could be
classified as disks. Nevertheless, all these galaxies exhibit
extended gas disks and star formation at redshift zero. In
the case of the Aquarius simulations each galaxy was able
to grow extended disks during their evolution, but again
only half can survive until z = 0, Aq-C, Aq-D, Aq-E and
Aq-G. In both cases we find the survival or destruction of
discs in the S09 sample was found to depend primarily
on the occurence of major mergers and the alignment
between the angular momenta of the stars and gas in the
inner regions (see also Scannapieco et al., in prep.).

3. ENVIRONMENTAL EFFECTS

The constrained nature of our simulation allows us to
explore the possibility that environment plays a role in
the determination of the properties of galaxies like our
MW. In this section, we investigate this possibility, by
comparing the properties of the LG and Aquarius galax-
ies. We compare properties that are expected to depend
on environment (gas mass, stellar mass, star formation
rate), to a measure of the environment. It is worth not-
ing that the number of galaxies in our samples is too
small to determine quantitative trends, but that system-
atic di↵erences may still be visible within the sample.
For our measure of environment we use the ratio of the

mean density of matter within 1200 ckpc to the mean
density of matter of the universe, i.e.

�1200 ⌘
⌧

⇢M
⌦M(z)⇢c

�

r<1200 ckpc

, (1)

To give some physical reference, this This radius corre-
sponds to how far a baryon travelling at 100 km s�1 tra-
verses in 12Gyr (ignoring cosmological expansion), and
approximately identifies the cosmological neighbourhood
which can a↵ect a MW-mass halo. This scale was also
used as proxy for the ‘local volume’ by Garrison-Kimmel
et al. (2014), and in the case of the LG simulation is large
enough to include the haloes of both G1 and G2 at the
present time, but for all other galaxies forms disjoint vol-
umes. We have tried various scales from 600-1500 ckpc
and found deviations in only a few halos, and 1200 ckpc
gave the least stochastic results.

5 A visualisation of a revolution of this structure and the envi-
ronment selections is available at http://TBA

156 C. Scannapieco et al.

Figure 1. Face-on and edge-on maps of projected stellar luminosity (i band) for our simulations, at z = 0. The images are 50 kpc across, and the edge-on ones
have a vertical height of 20 kpc. These plots correspond to the XY and YZ projections shown in S09, where the projected mass density is shown instead of the
luminosity, and where the plotted scale is smaller than that used here.

matter and (initial) gas particle masses, and the formation redshift
of the haloes (see below).

The eight resimulated haloes are representative of Milky Way
mass haloes in !CDM. Their mass assembly histories spread
around the median relation found for ∼7500 haloes formed in the
MS-II (Boylan-Kolchin et al. 2010), although most of them form
earlier than the median (Appendix A). In particular, Aq-A, Aq-C
and Aq-H form early, Aq-B and Aq-F form late, and the rest more
or less follow the median relation. The formation redshifts for the
haloes, defined as the redshift when the total mass reaches half its
final value, are listed in Table 1 (see also Fig. A1). Typical formation
redshifts are between 1 and 2, except for Aq-F which forms very
late as a result of a major merger occurring at z ∼ 0.6.

2.2 Morphologies and disc/spheroid decompositions

The simulated haloes host, at z = 0, galaxies with a variety of mor-
phologies (S09). In Fig. 1 we show face-on and edge-on maps of
the projected stellar luminosity (in the i band) for the eight simu-
lations. In order to quantify the relative importance of the disc and
spheroidal components, we use the kinematic disc/spheroid decom-
position described in S09, which allows us to link each simulated

star to one of these components (we refer the reader to S09 for full
details). This method is based on the kinematics of stars, and uses
the parameter ϵ ≡ jz/jcirc, where jz is the angular momentum of each
star in the z direction (i.e. the direction of the total baryonic angu-
lar momentum) and jcirc is the angular momentum corresponding
to a circular orbit at the position of the star. Values of ϵ similar
to unity identify stars with disc-like kinematics. These are then
tagged as disc stars, while the remaining stars define the spheroidal
component.

Using this decomposition technique, S09 divided simulated
galaxies into two groups according to the prominence of the disc
with respect to the spheroidal component: Aq-C-5, Aq-D-5, Aq-
E-5 and Aq-G-5 have significant disc components while Aq-A-5,
Aq-B-5, Aq-F-5 and Aq-H-5 have very small or no discs. Aq-F-5
is the only galaxy with pure spheroid-like stellar kinematics and no
sign of net stellar rotation.

An important advantage of the kinematic disc/spheroid decom-
position is that the disc component does not suffer from contam-
ination by spheroid stars (S09). However, since spheroids are de-
fined as those stars not tagged as disc, their particles may be a
superposition of distinct dynamical structures. In particular, half
of the simulated galaxies have bars, which are seen not only by

C⃝ 2011 The Authors, MNRAS 417, 154–171
Monthly Notices of the Royal Astronomical Society C⃝ 2011 RAS
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Matter density in 1200 ckpc

• Overdensity of ~3-4 
just from having a 
MW mass halo in the 
sphere

• Around z=0.5 the 
environments of G1  
and G2 start to 
overlap
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Fig. 1.— Column density of gas (blue) overlaid with column
density of star forming gas (orange-white) for the zoom region at
z = 0. Red circles delimit the R200 for each galaxy of a similar
stellar mass to the MW (G1-G6), and the labelled insets enlarge
these regions. 1200 kpc is the radius of our environment measure,
and the width of the image is 20 Mpc.

TABLE 1
Main properties of the LG and Aquarius galaxies at z = 0:

virial radius (R200), virial mass (M200), and masses in
stars, gas and star-forming gas (Mstar, Mgas and MSF

respectively), all within the virial radius.

R200 M200 Mstar Mgas MSF

[kpc] [1010 M�] [1010 M�] [1010 M�] [1010 M�]

G1 245 168 8.1 6.6 0.479
G2 219 120 6.4 5.2 0.369
G3 211 108 6.8 3.6 0.078
G4 166 52 3.3 1.8 0.146
G5 177 63 4.4 1.8 0.151
G6 174 60 3.7 1.5 0.090

Aq-A 232 149 9.2 4.9 0.153
Aq-B 181 71 4.0 1.7 0.033
Aq-C 237 161 11.0 3.8 0.119
Aq-D 233 149 8.4 3.5 0.005
Aq-E 206 108 8.4 2.6 0.048
Aq-F 196 91 7.7 1.8 0.012
Aq-G 180 68 4.5 1.6 0.061
Aq-H 182 74 6.5 0.6 0.011

We choose a sample of galaxies with stellar masses in
the range 1010.5�11.5 M�, i.e. similar to the MW. For our
LG simulation this includes the M31 and MW candidates
G1 and G24 along with four other galaxies that we re-
fer to as G3-G6. These galaxies have no ‘contamination’
within 1200 comoving kpc (ckpc) from their centres, i.e.

4 Note that in Nuza et al. (2014b) these galaxies were referred
to as M31c and MWc respectively

they are su�ciently embedded in the zoom region to have
no nearby low-resolution particles. The environment of
these galaxies in gas and star-forming gas is shown in
projection in Fig. 1, along with insets to enlarge the prop-
erties within the virial radius. All the galaxy centres in
the LG sample are far (> 3Mpc) from the others, except
the pair G1 and G2 which are at 770 kpc5.
The eight Aquarius galaxies (denoted Aq-A to Aq-H)

live in disjoint environments and were resimulated indi-
vidually. Images of these galaxies can be seen in S09
and for previous studies of their formation histories and
properties we refer the reader to Scannapieco et al. (2009,
2010, 2011). Table 1 summarises the main properties of
the LG galaxies and Aquarius galaxies at z = 0 inside
their respective virial radii R200, where the density is 200
times the critical density ⇢c at the corresponding redshift.
The LG galaxies have stellar components that all show

some measure of rotational support, however when we
examine the components of angular momenta (e.g. as
in S09) we see that only half, G2, G3 and G4 could be
classified as disks. Nevertheless, all these galaxies exhibit
extended gas disks and star formation at redshift zero. In
the case of the Aquarius simulations each galaxy was able
to grow extended disks during their evolution, but again
only half can survive until z = 0, Aq-C, Aq-D, Aq-E and
Aq-G. In both cases we find the survival or destruction of
discs in the S09 sample was found to depend primarily
on the occurence of major mergers and the alignment
between the angular momenta of the stars and gas in the
inner regions (see also Scannapieco et al., in prep.).

3. ENVIRONMENTAL EFFECTS

The constrained nature of our simulation allows us to
explore the possibility that environment plays a role in
the determination of the properties of galaxies like our
MW. In this section, we investigate this possibility, by
comparing the properties of the LG and Aquarius galax-
ies. We compare properties that are expected to depend
on environment (gas mass, stellar mass, star formation
rate), to a measure of the environment. It is worth not-
ing that the number of galaxies in our samples is too
small to determine quantitative trends, but that system-
atic di↵erences may still be visible within the sample.
For our measure of environment we use the ratio of the

mean density of matter within 1200 ckpc to the mean
density of matter of the universe, i.e.

�1200 ⌘
⌧

⇢M
⌦M(z)⇢c

�

r<1200 ckpc

, (1)

To give some physical reference, this This radius corre-
sponds to how far a baryon travelling at 100 km s�1 tra-
verses in 12Gyr (ignoring cosmological expansion), and
approximately identifies the cosmological neighbourhood
which can a↵ect a MW-mass halo. This scale was also
used as proxy for the ‘local volume’ by Garrison-Kimmel
et al. (2014), and in the case of the LG simulation is large
enough to include the haloes of both G1 and G2 at the
present time, but for all other galaxies forms disjoint vol-
umes. We have tried various scales from 600-1500 ckpc
and found deviations in only a few halos, and 1200 ckpc
gave the least stochastic results.

5 A visualisation of a revolution of this structure and the envi-
ronment selections is available at http://TBA
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Some statistics

• All in the restricted stellar mass 
range

• Filled symbols have stellar disks 
(by circularity, see also Sebas’ 
talk)

• No (significant) correlation 
between stellar mass and SFR or 
star forming gas, or presence of a 
disk

• 4.4σ correlation between gas and 
stellar mass (not so surprising)

• 3.8σ correlation between δ1200 
and SFR (a bit surprising)
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Evolution with redshift?

• Continues back to 
z=0.5, disappears at 
z=1 and above.
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ideas?

• G1 and G2 might be accreting each others extra-virial 
material (presumably as small objects)

• In a filamentary structure gas accretion may be faster 
(see also Nuza 2014, Bahé 2013), corresponding to G4

• Morphology might be more stochastic due to mergers

• Do the MW and M31 show enhanced SFR? (Mutch, 
Croton & Poole 2011)

15
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Merger history of G1 and G2

16

Scannapieco, Creasey, Nuza et al., 2015 A&A

Scannapieco et al.: A constrained simulation of the Local Group

Fig. 6. The merger history of G1 (left-hand panels) and G2 (right-hand panels) for simulations CS (upper panels) and MA (lower panels), alongside
the evolution of its statistics. The plots show the comoving distance of each satellite from the position of G1/G2 as a function of redshift, where
coloured lines indicate the major (> 30%) and intermediate mass (between 5 and 30%) mergers (see Table 2). The greyscales indicate minor
mergers, the tone representing f starvir , the stellar mass of the progenitor as a fraction of the stellar mass of the galaxy at the time of first infall into
the corresponding virial radius (see Section 4 of the main text for full details). The shaded region indicates the virial radius of G1/G2, whilst the
black horizontal dashed line indicates a radius 30 ckpc, a cut which encompasses the baryonic component of the galaxy. The dotted lines follow
the positions of the major progenitors after first infall within the virial radius until SUBFIND can no longer identify them as distinct objects.

simulations, the last three columns of Table 2 show the redshift
at which satellites cross the 30 ckpc threshold, as well as the stel-
lar mass ratio at that time. Note that, in order to match results of
runs CS and MA, we followed the mergers of satellite galaxies
even though, in some cases, they have not yet merged/disrupted
with the main progenitor and are still identifiable, independent
systems at the present time. These are indicated in the final col-
umn of the Table 2 with annotation ‘sat’. Also note that the times
of the mergers, particularly when the satellites reach the inner 30
kpc, are different in the two runs, as well as the merger ratios.

From Fig. 6 and Table 2 we can see that, as inferred from
the growth of the haloes and the in-situ fractions, G1 has a more
active history than G2, with 6 major/intermediate mass mergers,
compared to only 4 in the case of G2. Perhaps more significant
is that at late times (z < 1) G1 accretes three very large objects
indeed, while for G2 there are no mergers in this period (consid-
ering their entrance to the virial radius), and its only mergers for
z ∈ [0, 3] are at much more modest stellar fractions. Although
similar in general terms, the details of the merging process of
G1 and G2 in our two runs8 show some important differences.
In particular, in G1-CS only one (and small) satellite survives at
z = 0 as an independent object, while the same object has been
already disrupted in run MA. More important is the fact that the
two satellites which merge later (denoted G1e/f) have been dis-
rupted by z = 0 in run CS but not yet in run MA. For G2, we

8 Note that this can explain some of the differences in the properties
of G1 and G2 in runs CS and MA, e.g. morphologies, that we discussed
in this and the previous sections.

find less variation between the simulations and, in any case, the
merger events of G2 are at much lower fractions and occur ear-
lier compared to those of G1. For this reason, it is expected that
the merger history will have a much stronger impact in the for-
mation of G1 compared to G2.

The growth/destruction of galaxy discs is intimately related
to the merger histories of galaxies. In fact, we find a clear rela-
tion between periods of disc growth/destruction and the merger
history of our simulated galaxies. Fig. 7 shows the evolution of
fdisc, a measure of the disc-to-total (D/T) ratio, for G1 and G2
in runs CS and MA. Note that, from Fig. 5, it is clear that the
distribution of circularities is a very clear indicator of the pres-
ence or absence of a disc-like stellar component and thus a single
quantitative measure of this is the fraction of stellar mass with
circularity larger9 than 0.5,

fdisc ≡ f (ϵ > 0.5) . (2)

Note, however, that fdisc can be non zero even if there is no disc,
if the distribution of circularities is sufficiently broad. On the
other hand, previous work (Scannapieco et al. 2010; see also
Abadi et al. 2003, Governato et al. 2007) showed that kine-
matic D/T decompositions, as the one we present here, give ra-
tios that are systematically and significantly lower than those ob-
tained with photometric decompositions (i.e. comparable with
observed D/T ratios). For example, in Scannapieco et al. (2010)

9 In the calculation of fdisc, we consider only particles of the main
subhalo, excluding satellites.
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Cosmological simulations
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Mixing in SPH - Ondrej Jaura (AIP)
Density-Entropy

(standard)

Cosmological simulations
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Summary

• The MW and M31 are at the sparse end of the environment scale, the importance of which 
is an open question

• At the 1200 ckpc scale we see these environments merge around z=0.5, i.e. G1 and G2 live 
in a rich environment, the only other galaxy in a comparable density lies in a filament (G4), 
even when comparing with the Aquarius halos with the same code.

• Trends not seen with disk fraction (as with other studies), suggesting for loose groups 
merger history is a more important driving factor for morphology

• The galaxies in the highest density environments have the highest redshift zero SFRs, setting 
up a correlation between environment and SFR. This fades at higher redshift (z>0.5)

• In the richer environment gas accretion may replenish the star-forming gas (e.g. for G4 the 
filamentary structures of Nuza 2014, Bahé 2013),

18


