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On the origin of star–gas counterrotation in low-mass galaxies

Tjitske K. Starkenburg,1, ∗ Laura. V. Sales,2, † Shy Genel,1, 3 ChristinaManzano-King,2 Gabriela Canalizo,2 and Lars Hernquist4

1Flatiron Institute, 162 5th Avenue, New York NY 10010, USA
2University of California Riverside, Riverside CA, USA

3Columbia Astrophysics Laboratory, Columbia University, 550 West 120th Street, New York, NY 10027, USA
4Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA

ABSTRACT

Stars in galaxies form from the cold rotationally supported gaseous disks that settle at the center of dark matter
halos. In the simplest models, such angular momentum is acquired early on at the time of collapse of the halo and
preserved thereafter, implying a well-aligned spin for the stellar and gaseous component. Observations however
have shown the presence of gaseous disks in counterrotation with the stars. We use the Illustris numerical
simulations to study the origin of such counterrotation in low mass galaxies (M⋆ = 2 × 109 - 5 × 1010 M⊙),
a sample where mergers have not played a significant role. Only ∼1% of our sample shows a counterrotating
gaseous disk at z = 0. These counterrotating disks arise in galaxies that have had a significant episode of gas
removal followed by the acquisition of new gas with misaligned angular momentum. In our simulations, we
identify two main channels responsible for the gas loss: a strong feedback burst and gas stripping during a
fly-by passage through a more massive group environment. Once settled, counterrotation can be long-lived with
several galaxies in our sample displaying misaligned components consistently for more than 2 Gyr. As a result,
no major correlation with the present day environment or structural properties might remain, except for a slight
preference for early type morphologies and a lower than average gas content at a given stellar mass.
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1. INTRODUCTION

The spin of galaxies is believed to be related to that of
their surrounding dark matter halos. In Λ Cold Dark Matter
models, the acquisition of angular momentum precedes the
full gravitational collapse and is set during the linear regime.
Dark matter halos have a small but well-defined amount of
angular momentum which gets imprinted early on when the
coupling between the inertia tensor of the proto-halo mate-
rial and the surrounding tidal field is maximum (Hoyle 1951;
Peebles 1969; Doroshkevich 1970). At these early times,
baryons are well-mixed with the dark matter and are there-
fore subjected to similar torques with the surrounding tidal
field, meaning that they will initially inherit the same angular
momentum as the dark matter counterpart.

After this, gravitational collapse proceeds by conserving
the angular momentum approximately with a gas component
that, able to cool via radiative processes, sinks further into the
potential well of the dark matter. To maintain similar spins,
the gas increases its tangential velocity to compensate for the
smaller radii, explaining the rotationally supported nature of
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disks embedded in otherwise dispersion-supported dark mat-
ter halos (White & Rees 1978; Fall & Efstathiou 1980; Mo
et al. 1998). Stars form out of this gas and inherit its dy-
namical properties. Therefore, in the absence of significant
merger events, co-rotation between gas and stars is the most
natural outcome of structure formation.

Early numerical simulations were able to reproduce the
main predictions from this tidal torque scenario for the ori-
gin of the dark matter halo spins (Efstathiou & Jones 1979;
White 1984; Barnes & Efstathiou 1987) and further con-
firmation may be found in the orientations of the angular
momentum of nearby disk galaxies with respect to the sur-
rounding large scale structure (Navarro et al. 2004). With the
advent of more sophisticated hydrodynamical simulations it
also became clear that baryons undergo a much more com-
plex evolution than previously envisioned (van den Bosch
et al. 2002; Abadi et al. 2003; Brook et al. 2011; Scannapieco
et al. 2012; Bryan et al. 2013; Übler et al. 2014; Dubois et al.
2014; Teklu et al. 2015; Zavala et al. 2016; Zjupa & Springel
2017; DeFelippis et al. 2017; Jiang et al. 2018; Garrison-
Kimmel et al. 2018).

Feedback from stars and black holes was identified as an
essential ingredient to prevent runaway formation of stars in
the early stages of galaxy formation and to produce realis-
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tic looking disk-dominated galaxies in simulations (Navarro
& Benz 1991; Navarro & Steinmetz 1997; Eke et al. 2000;
Scannapieco et al. 2009a; Governato et al. 2010). Provid-
ing the coupling to the surrounding gas is efficient, energy
from young stars, supernova explosions and accretion disks
around black holes may cause a significant fraction of the
gas in galaxies to be expelled though galactic outflows, sig-
natures of which have been successfully identified in obser-
vations (e.g. Martin 2005; Martin et al. 2012; Rubin et al.
2014; Cheung et al. 2016). These galactic winds carry with
them not only mass but also angular momentum, causing a
redistribution of the initial spin of the baryons and a poten-
tial decoupling from the spin of the dark matter halo (e.g.
DeFelippis et al. 2017).

Remarkably, despite this complicated galaxy assembly
process and irrespective of the fact that only a small fraction
of the baryons makes it into a galaxy, current cosmological
simulations find that in the case of disk galaxies the amount
of angular momentum retained in the disk is comparable to
that of the dark matter halo (Sales et al. 2010; Lagos et al.
2017; Genel et al. 2015; DeFelippis et al. 2017; Sokołowska
et al. 2017; El-Badry et al. 2018), recovering one of the
key assumptions of traditional galaxy formation models (e.g.
Mo et al. 1998). Most important, the alignment between
the galactic and the dark matter spin remains within 20-45
degrees (e.g. Bett et al. 2010; Zjupa & Springel 2017).

Within this framework, the existence of galaxies with
counterrotating components is puzzling. Individual galax-
ies containing components that rotate in opposite or highly
inclined directions have been studied for decades (e.g. Ulrich
1975; Rubin et al. 1992; Rubin 1994) and have been found
in a wide range of masses and morphologies (Rix & White
1992; Prada et al. 1996; Bertola et al. 1996; Vergani et al.
2007; Coccato et al. 2011; Davis et al. 2011; Serra et al.
2014; Coccato et al. 2015; Krajnović et al. 2015; Katkov
et al. 2016). The advent of Integral Field Spectroscopy sur-
veys has also shed important light on their overall structure,
with a detailed mapping of their complex kinematics (Em-
sellem et al. 2007; Barrera-Ballesteros et al. 2014, 2015;
Cappellari 2016; Jin et al. 2016; Bryant et al. 2019).

Misalignments are often linked to an external origin, such
as the accretion of satellites or the cooling of misaligned gas
from the halo (Balcells & Quinn 1990; Hernquist & Barnes
1991; Barnes & Hernquist 1996; Roškar et al. 2010; van de
Voort et al. 2015); all events related to the highly non-linear
regime of galaxy assembly. Different kinds of misalignments
are observed in nature, including misaligned gas–stellar com-
ponents, two counterrotating stellar disks, kinematically de-
coupled cores in early type galaxies, and polar ring galaxies.
Over the years, idealized and cosmological numerical simu-
lations of single objects have shown that a variety of mecha-
nisms can give rise to counterrotating components, including

(i) mergers with very specific initial conditions (Puerari &
Pfenniger 2001; Crocker et al. 2009), (ii) instabilities and
other internal dynamical evolution within galaxies (Evans
& Collett 1994; De Rijcke et al. 2004) and (iii) misaligned
smooth gas accretion (Thakar & Ryden 1996; Bekki 1998;
Brook et al. 2008; Aumer & White 2013; Algorry et al. 2014;
Pizzella et al. 2004). These studies, however, pertain to very
specific conditions and the relevance of such processes for
the galaxy population as a whole remains unclear.

Furthermore, the timescales for counterrotating compo-
nents to survive is poorly constrained. For elliptical or disk
galaxies, the gravitational pull of a non-spherical potential
(given by the stellar distribution) onto a misaligned gaseous
disk will act as a sink of the perpendicular angular mo-
mentum component, re-aligning the orientation of the gas
within the preferred plane of symmetry of the stars (Hunter
& Toomre 1969; Tohline et al. 1982). Idealized theoretical
estimates suggest that the timescales needed for this differ-
ential precession to totally align (e.g. 0◦) or anti-align (180◦)
the gas and stellar components are rather short at the centers
of galaxies, requiring typically less than 5 dynamical times
tdyn (see Fig. 3 in Tohline et al. 1982; Steiman-Cameron &
Durisen 1988). But several factors come into play for such
estimates, and in particular, more flattened gravitational po-
tentials, smaller distances or the inclusion of self-gravity for
massive gas disks, may shorten the estimated timescales even
further (Hunter & Toomre 1969). With these caveats in mind,
there seems to be consensus to the idea that misaligned gas
disks will quickly settle onto the more stable 0◦ or 180◦ con-
figurations with the stars, leaving little room in nature for the
display of these spectacular kinematical oddities.

The stability of perfectly anti-aligned stellar-gas disks al-
lows enough time for a second generation of stars to be born
from the young misaligned gas, giving rise to a galaxy with
two counterrotating stellar disks. Numerical simulations by
Algorry et al. (2014) have shown the formation of at least one
of such within the ΛCDM scenario for a case where the fila-
mentary accretion of gas changes direction at some point dur-
ing the halo formation. Similarly, Brook et al. (2008); Roškar
et al. (2010); Snaith et al. (2012); van de Voort et al. (2015)
report the study of simulated zoom-in galaxies where the
misalignment between the stars and the gaseous disk, once
established, is maintained for several Gyr thanks to the con-
tinuous supply of gas from satellites or from the halo with an
inclined angular momentum with respect to the initial galaxy.

These findings within the cosmological picture of galaxy
assembly highlight the need to include the idea of a contin-
uous gas supply with misaligned angular momentum in our
stability calculations. This is not only restricted to complex
mergers and galaxy interactions but may as well originate
from the slow and gentle cooling of the diffuse halo gas.
In fact, simulations have shown that the present day stellar
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disks in L∗ galaxies are built predominantly by the late cool-
ing of the hot halo gas component with well-aligned angular
momentum (Sales et al. 2012), whereas misalignments will
tend to build the bulges and dispersion-dominated centers of
galaxies (Scannapieco et al. 2009a; Sales et al. 2012; Aumer
& White 2013). This implies that the persistence of kinemat-
ically misaligned disks is strongly dependent on the supply
timescales of the (inclined) cooling gas. And therefore, that
within the cosmological framework, the existence and forma-
tion of counterrotating disks and their expected timescale of
survival are intrinsically connected.

In this paper we present an attempt to quantify some of
these issues using the cosmological hydrodynamical simula-
tion Illustris (Vogelsberger et al. 2014a,b; Genel et al. 2014;
Nelson et al. 2015). Since we expect misalignments to be
rare, one requires large volumes explored in projects such as
Illustris, which follows the formation of tens of thousands of
galaxies with a consistent choice for the baryonic modeling
of star formation and feedback. We focus on the regime of
low-mass (sub-L∗) galaxies, where most of the stellar com-
ponent is built in-situ (Rodriguez-Gomez et al. 2015), which
simplifies the interpretation of the role of mergers in our re-
sults. We introduce our sub-L∗ galaxy sample from the Il-
lustris simulation in Section 2, describe the counterrotating
sample in Section 3, and discuss their origin and evolution in
Section 4. We discuss the relevant timescales in Section 5,
and Section 6 provides the main conclusions from our work.

2. DATA

The Illustris simulation1 is a large-scale cosmological box
(106.5 Mpc on a side) run with full hydrodynamics and
galaxy formation models using the moving-meshing code
arepo (Springel 2010). Illustris has a particle mass resolu-
tion mp = 1.26 × 106 and 6.26 × 106 M⊙ for baryons and
dark matter respectively, and a gravitational softening never
larger than 0.7 kpc, thereby resolving 30000 galaxies with
mass M∗ ≥ 108.5 M⊙ with at least 250 stellar particles (Vo-
gelsberger et al. 2014a,b; Genel et al. 2014). Halo and galaxy
catalogs are built using subfind and time evolution is studied
using LHaloTree merger trees (Springel et al. 2005).

Subgrid physics governing star formation and feedback in
the simulation builds upon Springel & Hernquist (2003), with
the addition of stochastic winds to simulate the galactic out-
flows (see Vogelsberger et al. 2013, for details). In short,
gas above a density threshold n = 0.13 cm−3 becomes eligi-
ble for star formation and populates an effective equation of
state relating temperature and pressure in an attempt to model
a hot diffuse gas medium with embedded cold and dense
clouds. Stars evolve following Starburst99 stellar evolution
tracks (Leitherer & Heckman 1995; Leitherer et al. 1999) and

1 http://www.illustris-project.org

return mass, momentum and energy following stellar winds
and supernova explosions. Mass, metals and tracer particles
are advected with the flow following the solutions to the hy-
drodynamical equations on the Voronoi mesh.

Feedback from supermassive black holes is modelled as
fast and slow accretion modes. Friend-of-friends (FOF) dark
matter halos with FOF halo mass larger than 5×1010 h−1 M⊙
are seeded with a central black hole (BH) (Vogelsberger et al.
2013), that can grow in mass through mergers and accretion.
After insertion, accretion onto the black hole is tracked as a
fraction of the Eddington ratio, using > 0.05 to define the
high accretion mode, implemented as a continuous thermal
energy injection in the local environment, and accretion at
an rate below 0.05 of the Eddington ratio is considered in the
slow mode and modelled through the injection of hot bubbles
in the circumgalactic or intergalactic medium (Sijacki et al.
2007; Vogelsberger et al. 2013).

With such specifications, Illustris demonstrated several
successes at reproducing a large, realistic population of
galaxies at z = 0 and also as a function of time, includ-
ing the diversity of galaxy morphologies (Vogelsberger et al.
2014a; Snyder et al. 2015; Rodriguez-Gomez et al. 2017),
optical properties (Torrey et al. 2015), angular momentum
content (Genel et al. 2015), satellite colors (Sales et al. 2015),
satellite metallicities (Genel 2016) merger rates (Rodriguez-
Gomez et al. 2015), and the frequency of quasar activity
(Sijacki et al. 2015), among others.

From this simulated sample, we select central galaxies,
galaxies that are the most massive within their group, in the
mass range 2×109 M⊙ < M⋆ < 5×1010 M⊙ (sub-L∗ galaxies).
The motivation to explore this range is twofold: first, the low
impact of mergers expected in low mass galaxies — which
facilitates the interpretation of the results — and second, it is
inspired by the observational data of a companion paper of
dwarf galaxy kinematics (Manzano-King et al., in-prep).

Below M⋆ = 2 × 109 M⊙, simulated galaxies contain
. 1000 stellar particles and we therefore consider their struc-
ture and kinematics to be less well-resolved, possibly affect-
ing kinematics measurements. While Penoyre et al. (2017)
argue that for detailed kinematic structure a minimum reso-
lution of ≥ 20000 particles is needed, we focus on the gen-
eral direction of the total angular momentum content for gas
and stars (and not on the structural details of the resulting
morphology), allowing us to explore slightly lower-mass sys-
tems. Our sample therefore comprises 11955 central galaxies
at z = 0 within our sub-L∗ galaxy mass range.

Following previous Illustris papers, we define the galactic
radius rgal as twice the stellar half-mass radius Rh,∗, and quan-
tify galaxy properties such as mass, angular momentum, etc.,
using all particles within rgal. Additionally, halo gas is de-
fined as all the gas within the subhalo at radii larger than rgal.
For the dark matter instead, we will refer to quantities within
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the prevailing galaxy. We illustrate this in detail for two
of our example galaxies introduced in Section 3. Figure 7
shows the alignment history of the angular momentum of the
star and gas within the galaxy (L∗ and Lgas respectively) as
a function of time for Galaxy 1 (left) and Galaxy 5 (right).
Thick blue lines show that initially gas and stars are rela-
tively well-aligned in both examples until a sudden change in
the orientation of Lgas causes the curves to jump to the coun-
terrotating regime, shown here by the horizontal red dotted
line indicating relative angles larger than 90◦. For Galaxy 1
and Galaxy 5 such a transition occurs about 6 and 4 Gyr ago,
with the gas remaining counterrotating thereafter.

A closer inspection of Figure 7 reveals that the rapid tran-
sition of the gas orientation begins typically associated with
an episode of gas loss, which can be appreciated as a drop
in the blue solid curves in the bottom panels of each figure
indicating the relative fraction of gas mass in the galaxies as
a function of time normalized to the z = 0 content. The inter-
esting question then becomes, what is driving these gas mass
losses in our sample?

Two main processes are responsible for the gas removal in
our counterrotating galaxies: (i) feedback from the central
black hole during the slow accretion mode and (ii) tempo-
rary “fly-by" events through more massive systems such as
groups or clusters. For Galaxy 1 and Galaxy 5 we indicate
both of these kind of events. With black dashed vertical lines
we highlight the times of injection deposition of energy due
to the slow accretion mode of the central black hole ("radio
mode" feedback is activated with accretion Eddington ratio
< 0.05). On the other hand, using gray shading we indicate
the time periods when galaxies are not centrals of their own
halos but instead become satellites of a larger system. While
for Galaxy 1 the change of spin orientation for the gas seems
triggered by a feedback event at ∼7.5 Gyr ago, Galaxy 5 is
a combination of both mechanisms acting at the same time a
bit less than 5 Gyr ago.

Naturally, the removal of the gas is not enough to cause
counterrotation, but it should be followed by the reaccretion
of some external gas with different angular momentum. We
note in Figure 7 that in both cases the halo gas (shown as
light blue dashed lines) had already acquired a counterrotat-
ing spin preceding the mass ejection of cold gas from the
galaxy. It is the subsequent partial cooling of this halo gas
component with a misaligned angular momentum that de-
fines the gas–star present day counterrotating nature of these
systems.

We examine also the relation to the spin of the dark mat-
ter halo in Figure 7, with relative angles between LDM and
L∗ shown in black dashed lines. We find that whereas for
Galaxy 1 the change in spin of the halo gas is associated with
the dark matter halo change (as expected from tidal torque
theory arguments), in Galaxy 5 the same does not hold, with

the dark matter spin remaining relatively stable with respect
to the stars in ∼30–70◦ at all times. However, we note that for
Galaxy 5 the change of halo gas spin is environmentally in-
duced. This object passes through the outskirts (r ≥ 300 kpc)
of a system ∼100 times more massive during which drag
forces and interactions with the intra-group medium changes
the angular momentum direction of the halo gas while the
galaxy is temporarily a satellite (gray shaded area). These
two examples also nicely illustrate the complexity of angular
momentum acquisition in baryons once the full cosmological
assembly of galaxies is considered.

The other 3 galaxies studied in detail in Figure 2 show a
similar combination of the effects described above and we
include their equivalent alignment evolution in Appendix A
for completeness.

We now generalize the argument of the link between gas–
star misalignment and gas loss events to the whole counter-
rotating sample in Figure 8. We show as a function of M∗
the maximum fraction of gas lost within the galaxies during
their time evolution. The gas loss is calculated as the frac-
tional difference between the beginning and end of any pe-
riod of continuing decrease in gas mass. While for the whole
population the median gas mass variation is under 20%, for
our counterrotating sample (colored symbols) the median gas
fraction lost is about half the gas content in a single episode.
This is particularly true for objects where counterrotation has
settled more than 2 Gyrs ago (larger symbols). We therefore
conclude that significant gas removal is a general feature of
our counterrotating sample and does not apply exclusively to
the specific cases of Galaxy 1 and 5 showcased in Figure 7.

Moreover, we confirmed the prevalence of the two mech-
anisms of gas removal described above for Galaxy 1 and
Galaxy 5, namely slow mode black hole accretion feedback
or temporary fly-by through a more massive system, for
the large majority of the counterrotating sample. Based on
the most recent time at which counterrotation sets in tc (i.e.
when the relative angle between Lgas and L∗ crosses 90◦) we
flagged each counterrotating system according to: “black
hole induced”, “fly-by induced”, “composite origin”, or
“none of these”, finding that ∼73% of the counterrotating
galaxies satisfy at least one of these criteria.

For this classification we looked for temporal correlations
between the stellar-gas counterrotation and feedback/fly-by
events. We proceeded as follows. We marked them as “black
hole induced" (black in Figure 8, 9 and 10) if the measured tc
was within 1 Gyr before any of the times at which feedback
from the slow black hole accretion mode was active, or “fly-
by induced" (blue in Figure 8, 9 and 10) if tc was within the
same time period of the galaxy being a temporary satellite,
or “composite" (red in Figure 8, 9 and 10) if both conditions
were satisfied (for example as Galaxy 5 in Figure 7). We
find that 52.3% and 10.5% correspond to black hole and fly-
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the presence of a continuous supply of halo-gas which
also shows a large degree of misalignment.

As discussed in Sec. 4, the prevalence of black hole feed-
back driving these misalignments in our sample may be the
result of the particular feedback modeling in Illustris. The
take away point from this analysis is the link between present
day gas counterrotation and a past event of gas removal that
dissolves the corotating gas disk paving the way for reaccre-
tion of misaligned new gas. Any feedback source able to effi-
ciently couple to the interstellar medium can offer an avenue
towards this. Reassuringly, we have checked that in Illus-
trisTNG and EAGLE (which both include completely differ-
ent treatments of black hole feedback) the fraction of coun-
terrotating systems is even larger than in this work, suggest-
ing that our results do not depend only on an overly-efficient
black hole feedback model. Furthermore, Serra et al. (in
prep.) using the EAGLE simulations (Schaye et al. 2015)
find a similar connection with gas removal for counterrota-
tion to arise in more massive galaxies.

Therefore we conclude that counterrotation in low mass
galaxies is associated with gas loss events driven either in-
ternally (feedback), by external factors (gas stripping from
environment) or by a combination of the two; and may pro-

vide important clues on the past history of these galaxies.
If the main driver is black hole feedback, it may be worth
looking in observations for associations between AGN ac-
tivity and counterrotation in low mass dwarfs, work that is
currently being carried on by our team (Manzano-King et al.,
in-prep).
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14582 and NSF-1817233 grants and from the Hellman Foun-
dation. This research made use of NumPy (Van Der Walt
et al. 2011), matplotlib, (Hunter 2007), and the corner vi-
sualization module (Foreman-Mackey 2016). Some of the
computations in this paper were run on the Odyssey cluster
supported by the FAS Division of Science, Research Com-
puting Group at Harvard University. The EAGLE simula-
tions were performed using the DiRAC-2 facility at Durham,
managed by the ICC, and the PRACE facility Curie based
in France at TGCC, CEA, Bruyères-le-Châtel. The Flatiron
Institute is supported by the Simons Foundation.

APPENDIX

A. THE ORIGIN OF COUNTERROTATION FOR GALAXIES 2, 3, AND 4

Figure A.1 shows the evolution of relative angles between the total angular momentum vector of the stellar disk and gaseous
disk for Galaxy 2, 3, and 4. We will here briefly describe the origin of counterrotation for these galaxies.

Galaxy 2 shows a similar evolution as Galaxy 5 but the episode of being a satellite and the accretion of counterrotating gas
takes place at more recent times. Although Galaxy 2 is ∼500 kpc away from its more massive host, its host galaxy is more than
300 times as massive, and Galaxy 2 loses 75% of its gas (within the galaxy, in the gaseous halo this is 61%). The AGN feedback
while the galaxy is a satellite is much less important for the gas loss in this case: it removes ∼2×109 M⊙ of the total 2.4×1010 M⊙
that is lost due to the tidal interaction. Therefore, the environment is the key facilitator of the accretion of counterrotating material
in Galaxy 2.

Completely different in evolution from the other four galaxies, Galaxy 3 has had a counterrotating gaseous disk for more than
8 Gyr. Additionally, the total angular momentum vectors of the stars and the gas in the disk or halo are almost exactly opposite.
While Galaxy 3 is a satellite for a long period of time, this occurs when the counterrotating gaseous disk is already established,
and while some gas is lost this is not sufficient to alter the configuration. During its early formation the orientation and angular
momentum of the stars, gas, and dark matter change rapidly as many filaments feed the galaxy and the merger rate is high.
Additionally Galaxy 3 experiences a strong burst of AGN feedback around a lookback time of 9 Gyr which blows out 98% of
the gas (1.387 × 1010 M⊙ of the 1.414 × 1010 M⊙). The new gas accretion is dominated by gas with opposite angular momentum
compared to the existing stellar disk and the new counterrotating gaseous disk grows from there. The stellar rotational velocity
of Galaxy 3 in Figure 2 has large dispersions and the circularity distribution of the stars shows a secondary peak at negative
circularity (40% of the stellar particles have ǫ < 0). This suggests the existence of a secondary stellar disk that formed out of the
counterrotating gas.

Galaxy 4 differs from the rest in that it has only recently become counterrotating. For most of its evolution the angular
momentum of accreted material varies strongly, which results in a slightly counterrotating halo gas for the last 6 Gyr. In this case,
halo gas seems to follow the spin of the dark matter halo. In those 6 Gyr that counterrotating halo gas has slowly been accreted
onto the galaxy and only at the present day the gaseous disk is counterrotating. However, as shown in Figure 2 the inner and outer
gaseous disks have different rotation, and the gas component of Galaxy 4 appears the most morphologically disturbed in Figure 2.
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