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SUMMARY: We investigated formation of stellar shells in mergers between the host spiral galaxy
and its satellite galaxy in different scenarios. Results of previous works showed that stellar shells are
formed in very radial mergers. We run N-body simulations for 4 Gyrs, with an M31-like host galaxy and
spherical satellite. The simulations start with zero radial velocity. We found that the initial tangential
velocities of 50 km/s and higher, in these merger scenarios, define orbits where stellar shells are not
prominent in comparison with almost radial mergers. With a deviation from a very radial orbit defined
with zero initial velocity, it is possible to have stellar shells formed with initial velocity up to 50 km/s
for initial distance of 150 kpc, then for distance of 200 kpc with velocity up to 25 km/s, and for 250
kpc initial distance, stellar shells are formed only in a radial merger, after 2.5 Gyrs from the beginning
of the simulation. With initial velocities higher than 100 km/s, we do not have stellar shells formation

in these scenarios.
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1. INTRODUCTION

In the standard hierarchical picture of struc-
ture formation, large massive galaxies are formed
in merger events of the smaller galaxies and their
mass can grow by star formation and interstellar gas
accretion (White and Rees 1978, White and Frenk
1991, Cole et al. 2000). These mergers are led by
local overdensities and can produce galaxies with dif-
ferent morphologies, masses, metallicity distribution,
gas content, and other properties. These morpholog-
ical differences are noticed in many galaxy surveys
(Dressler 1980, Tempel et al. 2011). The survived
small-mass galaxies, in many cases became satellite
galaxies of large, massive spiral and elliptical galaxies
(Klypin et al. 1999, Moore et al. 1999). These galax-
ies can be accreted onto the large massive galaxy,
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their host. The results of these merger events can be
structures formed in the halo of the host, in the case
of smaller satellites, as well as the remnant of the
satellite, which we can detect as a globular cluster or
local stellar overdensity, if the core of the satellite sur-
vives that merger event (Bullock and Johnston 2005,
Belokurov et al. 2006, Kruijssen et al. 2020). That
can be possible due to specific circumstances of the
merger and the timescale of the event. Sometimes,
after several orbits, the satellite galaxy is completely
disrupted (Ibata et al. 1994, Johnston et al. 1999).

On its orbit around the host, the satellite galaxy
is losing its stellar and gas material due to tidal fric-
tion, and it forms tidal structures. These structures,
such as stellar streams and shells, depend on proper-
ties of the satellite as well as merger timescale, and
orbit properties (Johnston et al. 1996, Bullock and
Johnston 2005, Cooper et al. 2010). In the other di-
rection, these structures are smoking guns of galaxy
interactions, and their properties are important to
reproduce the merger history and properties of the
progenitor, satellite galaxy.
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In the last several decades, shells have been de-
tected in galaxies of different morphological types
(Arp 1966, Schweizer and Ford 1985). In many re-
cent observational studies, shell galaxies are reported
(e.g. Bilek et al. 2016). Stellar shells are low sur-
face brightness tidal structures and are not easy to
detect. Also, due to different merger scenarios, shells
can have various morphological differences. Shells are
mostly observed in elliptical galaxies (Atkinson et al.
2013), but there are also reported shells in halos of
spiral galaxies (Martinez-Delgado et al. 2010, de Blok
et al. 2014). Stellar streams and shells are observed
in nearby galaxies and in the Milky Way (MW). The
proximity of the M31 galaxy gives us an opportunity
for high-precision observations of these faint struc-
tures. Shells in M31 are discovered by Ferguson et al.
(2002). Metallicities of the North-east shell are given
in Escala et al. (2021). Measured properties for the
Western shell are given in Fardal et al. 2007, 2012.

Many theoretical works were done to explain for-
mation of tidal structures in halos of large massive
galaxies. In the work of Quinn (1984), it is shown
that shells could be formed in a merger event of a
massive host galaxy and a small satellite. Radial
mergers as events leading to a shell formation were
presented in Hernquist and Quinn 1988, 1987, 1989,
Ebrova et al. 2012, Bilek et al. 2022, Valenzuela and
Remus 2024. Properties of the shells and their pos-
sible origins are reviewed in Ebrova (2013). A major
merger scenario was also investigated, e.g., N-body
and hydrodynamic simulations were done in the work
of Petersson et al. (2023). The analyses of cosmolog-
ical simulation (Pop et al. 2018) suggest that a radial
merger is necessary for shell formation in merger sce-
narios with small satellite galaxies. A radial merger
will form stellar shells, while non-radial will form
stellar streams (Amorisco 2015). The properties of
shells could give us constraints on merger proper-
ties (Ebrova et al. 2020). The dependence of formed
structures on properties of satellites was presented in
Karademir et al. (2019) and Milosevié¢ (2022), refered
to as Paper I. In this paper, we investigated the influ-
ence of morphology and orbital inclination, and the
direction of rotation of the host disk, on formation
of tidal structures in the halo of an M31-type spi-
ral galaxy. We used N-body simulations to analyze
merger events, where we had two models of satel-
lite galaxies: a spiral and spherical satellite at the
same initial distance from the center of the host. In
both cases of merger models, the initial velocity of the
satellite was zero, which led to highly radial mergers.
We vary the morphology and orbit inclination for the
same mass of the satellite.

In this paper, we investigate the orbits of the satel-
lite that can produce shell structures in the halo of
the host. We employed the N-body models for both
the host and satellite galaxies and investigated var-
ious merger scenarios for the first 4 Gyrs after the
beginning of simulation. This time interval is moti-
vated by the estimate of the time interval for form-

ing tidal structures in M31 halo, which is between
2 and 3 Gyrs (Hammer et al. 2018, Milosevi¢ et al.
2022). For the same models given in Paper I, a satel-
lite with the same mass, we vary the initial distances
and initial tangential velocities of the satellites. Dif-
ferent velocities will produce different orbits. With
a larger velocity, the merger will be less radial, and
we can then find the range of velocities for which
shell formation occurs in the halo of the host. We
investigated how different initial velocities affect the
morphology of shells and streams that are formed by
tidal disruption of the satellite galaxy. Given obser-
vations of stellar shells — whether faint or prominent,
at different radii, and occurring as single or multiple
structures — we can constrain the initial position and
the range of initial velocities of the satellite galaxy
that can lead to the formation of the observed shells
in merger events. In other words, we can find non-
radial merger scenarios in which prominent or faint
stellar shells can be formed, and give the possible pa-
rameters for initial conditions of merger events.

This paper is organized as follows: in Section 2,
we present N-body models for the host galaxy and
satellite, as well as the initial properties of satellite
orbits in merger events. In Section 3, we present the
main results of merger events, formed structures in
different merger scenarios, while the discussion and
conclusion are given in Section 4.

2. METHODS

For the host galaxy, we used an M31-like galaxy
with three main components: the bulge, disk, and
dark matter halo. This model is the same one we
used in Paper I. For the satellite galaxy, we also used
the model described in Paper I. We took a spheri-
cal satellite that consists of a spherical bulge and a
dark matter halo. The N-body models of galaxies
are generated with the GalactICs package (Widrow
et al. 2008). We used the same density profiles for
the disk, bulge, and halo, as in previous works (Gee-
han et al. 2006, Sadoun et al. 2014, Milosevié¢ et al.
2022, Milosevi¢ 2022). The parameters for the den-
sity profiles of the host components correspond to the
M31 galaxy model used in Milosevié¢ et al. (2022) and
Paper I, while the parameters for the satellite galaxy
are the same as in Paper 1.

The bulge is represented with the Prugniel-Simien
profile (Widrow et al. 2008):

oo = po (b) exp(r/r) " (1)

Here, pyo is the density at r = r, and 7, is the scale
radius for the bulge.

The disk is represented by a combination of two
profiles: an exponential profile of surface density in
the x-y plane, and a sech? law in the vertical z-
direction, where the x-y plane is the plane of the
host galaxy disk. The exponential profile is given
with (Geehan et al. 2006, Sadoun et al. 2014):
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Here, My is the total mass of the disk, ¥ is the surface
density, and Rq is the disk scale radius. In the last
two equations, r is the spherical radius, and R is the
cylindrical radius.

The sech? profile is used in the vertical z-direction
(Sadoun et al. 2014), and the combined profile is
given by:

@sechQ <z) .
22’0 20
Here, zj is the scale height of the disk.
A spherical dark matter halo is represented in

the form of the Navarro-Frenk-White profile (Navarro
et al. 1996) given in GalactICs (Widrow et al. 2008):

p(R,z) = 3)
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(4)

Here, all parameters are the same as in Milosevié

et al. (2022) and Paper I: ry, is the radius of halo

where the density starts to decrease, oy, is a typical

velocity, d,, is the distance at which the density falls

to zero, 1y is the scale radius for halo, and « is an
exponent in the NFW profile and we took o = 1.

For the satellite galaxy, we used the spherical
model. This model has profiles for the bulge and
dark matter, also represented with Eqgs. (1) and (4).
Parameters used for generating models of galaxies are
given in Table 1.

We simulated different orbits of the satellite
galaxy in merger events. We set up three initial posi-
tions for the satellite galaxy in the plane of the disk,
with initial distances of 150, 200, and 250 kpc. For
each initial position, we attached tangential veloci-
ties of 0, 25, 50, 75, 100, and 150 km/s, where the
velocity vector is normal to the radial distance from
the host. The initial positions are settled along the
x-axis, and the velocity vector is in the plane of the
host disk, oriented along the positive direction of the
y-axis, while the disk rotates counterclockwise (from
the x-axis towards the y-axis). Since we concluded
in Paper I that streams and shells could be formed
with different morphologies of the satellite, given zero
initial velocity, we adopted only the spherical model
in this paper and investigated different initial veloc-
ities. To run simulations, we used the cosmological
simulation code Gadget2 (Springel 2005). We took
pure N-body models with particle mass resolution of
10° M, and 108M, for baryonic and dark matter for
the host, and 10*My, for the satellite. The stellar to
halo mass ratio is consistent with the stellar to halo
mass relation given in Behroozi et al. (2013). The
concentration parameter c¢ for the host and satellite
is given in Table 1. Masses of particles and numbers

of particles for each component are also given in Ta-
ble 1. For simulations, we used a softening length of
0.1 kpc, and we ran simulations for 4 Gyrs.

3. RESULTS

In merger events, we follow the disruption of the
satellite galaxy in the gravitational potential of the
host. For each initial position, we defined initial ve-
locity and investigated the formation of the stellar
structures in the halo of the host. We investigated
the formation of these structures in simulations that
last for 4 Gyrs. In previous works, we showed that
for a similar merger setup, the structures are formed
in the first 3 Gyrs after the beginning of simulation.

In Fig. 1, we presented the merger event for the
S3-150-0 model. The name S3-150-0 means that we
use a spherical satellite, in the x-y plane, that is, in
the plane of the disk of the host, at initial distance
of 150 kpc, along the x-axis, with zero initial velocity
(the second number). This model is consistent with
previous works. A spherical satellite on radial or-
bit with zero initial velocity is disrupted by the tidal
force. As this is a radial merger, we have formed stel-
lar shells, and a significant part of the mass consists
of the shells. After each pericentric passage, we have
several shells formed. In Fig. 2, the same merger is
presented only in the x-y plane, unlike Fig. 1, where
this merger is presented in the x-z plane. The bottom
row in these two figures has a smaller scale for better
representation of the central region.

This model is used to compare shell forming in the
merger events with non-zero initial velocities. The re-
sults of the merger event for the S3-150-50 scenario
are presented in Fig. 3 and Fig. 4. In this model, we
have the initial velocity of 50 km/s, and we can see
formed streams in the x-z plane in Fig. 4 and faint
shells in Fig. 3. We can see the differences, for exam-
ple, after 2 Gyrs from the beginning of the simulation
in Fig. 1 and Fig. 3, or Fig. 2 and Fig. 4, where in
the case of the radial merger, the tidal structures are
already formed, while in the case of non-zero initial
velocity, these structures are not yet formed. This is
the reason to investigate several different initial veloc-
ities for the same distance in order to find the value
above which are not formed shells, in other words, to
find a possible deviation from the radial orbit where
we still have shells after a reasonable time from the
beginning of the simulation.

We compare all the merger scenarios after 2.5
Gyrs from the beginning of the simulation in Fig. 5
and Fig. 6. In both figures, the first row corresponds
to the initial distance of 150 kpc, the middle to 200
kpc, and the bottom to 250 kpc. Each panel from left
to right represents a merger event with initial velocity
from 0 to 100 km/s. We presented only the baryonic
matter in the x-z plane in Fig. 5, and in the x-y plane
in Fig. 6. The host particles are presented in yellow
color, and satellite particles in blue. From these two
figures at the moment of 2.5 Gyrs from the begin-
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Table 1: The values of the parameters for the N-body models of the progenitor, satellite galaxy, and host M31-like

galaxy.
Satellite galaxy
component Myparticle [Mo) N
Baryonic matter 1.68 x 10* 131072 1, = 1.03 kpc  op = 93 kn/s M, =22 x10°Mg
Dark matter halo 9.86 x 10* 248809 rn = 45 kpc on = 185 km/s M, =2.45 x 1010M@
rs = b kpc or,= 6 kpc c=10.2
Host galaxy
component Mparticle [Mo) N
Bulge 3.36 x 10° 96247 71, = 1,23 kpc  op, = 393 km/s My, = 3.2 x 101°M,
Disk 3.36 x 10° 108929 Ry = 6.82 zo= 0.57 My = 3.66 x 1019M,
Halo 3.36 x 106 261905 rp= 122.5 kpc rs = 8 kpc M, = 8.8 x 1011M®
Or,= 12 kpc o = 525 km/s c=16.8
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Fig. 1: The merger in the S3-150-0 scenario in the x-z plane from 0 to 3.5 Gyrs due to the suggestion from previous
works (Sadoun et al. 2014, Milosevi¢ 2022). The disk of the host is represented in yellow, and the baryonic matter of

the satellite in blue. We can see the formed streams and stellar shells after several pericentric passages.

ning of the simulation, it is clear that multiple shells
and streams are formed in the radial scenario where
the initial velocity of the satellite galaxy is zero. For
the initial distance of 150 kpc, these tidal structures
are more prominent since the satellite galaxy, and
later remnant of the satellite, passes several times
near the central region of the host so that more mass
is stripped off and deposited in the tidal structures.
In the merger events, where the orbit deviates from
the radial, with initial velocities of 25 and 50 km/s,
stellar shells fare formed for the initial distance of 150
kpc. For the same distance and velocities of 75 and
100 km/s, the satellite galaxy will make several orbits
and will be tidally deformed, but without disruption
that will lead to stellar shells formation in the first
2.5 Gyrs of interaction with the host. For an initial

distance of 200 kpc, tidal structures formed for ini-
tial velocities of 0 and 25 km/s. In Fig. 6, we can see
formed shells for 25 km/s initial velocity (the middle
row, second panel), and with initial velocity, from 50
km/s and larger, there is a lack of tidal structures. A
satellite galaxy will make an orbit around the host,
and some tidal tails can be made from the stellar ma-
terial of the host, as is presented in Fig. 6 for the ini-
tial distance of 200 kpc, and initial velocity 75 km/s.
In this situation, the satellite will pull the material
from outer part of the host galaxy. With increasing
the initial distance to 250 kpc, we can conclude that
shells are formed only for zero initial velocity. The
differences between models are influenced by differ-
ent impact times, which is a result of different initial
positions and velocities.
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Fig. 2: The merger in the S3-150-0 scenario in the x-y plane from 0 to 3.5 Gyrs. Colors and symbols are the same

as in Fig. 1.
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Fig. 3: The merger event for the scenario S3-150-50. In this scenario, the initial velocity is 50 km/s normal to the

direction of the host-satellite, oriented in the y-direction. We can see that stellar shells and streams are not yet

formed after 2 Gyrs.

In Fig. 7 and Fig. 8, we presented the evolution
of tidal structures in merger events after 1 Gyr after
the first pericentric passage. Fig. 7 and Fig. 8 show
mergers in the x-z and x-y plane, respectively. For
the S3-150 models, we have formed structures up to
75 km/s of initial tangential velocity. For the S3-
200 models, structures are formed up to 50 km/s,
and for the S3-250 models, only in the radial merger.
Since we compare moments after a fixed time from
the first passage near the pericenter, we will have a

more promeninent shell in the case of radial mergers
for all three different distances since, in this situation,
we exclueded the influence of the initial distance. We
can see a clear difference between the first panel in
the bottom row in Fig. 6 and corresponding panel in
Fig. 8.

The formed shells and streams can better be seen
in the v-d phase plots, where v is the radial velocity,
and d is radial distance from the center of the host.
Fig. 9 and Fig. 10 present the v-d plots for models
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Fig. 4: The merger history for the S3-150-50 model in the x-y plane. We can see the formed stellar streams, but no

prominent shells.
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Fig. 5: Different merger scenarios at 2.5 Gyrs from the beginning of the simulation. The upper row represents models

with initial distance of 150 kpc for initial velocities from 0 to 100 km/s with a step of 25 km/s. The middle row is

for models with initial distance of 200 kpc, and the bottom row is for initial distance of 250 kpc. The merger events

are represented in the x-z plane, and only the baryonic matter is presented. The disk of the host is represented in

yellow, and the baryonic matter of the satellite in blue.

S3-150-0 and S3-150-50 for the time interval from 0
to 3 Gyrs. In the first case, we can see formed shells
and a stellar stream as well. In Fig. 10, we can see a
very faint structure of one shell, unlike multiple shells
in Fig. 9. In this merger event, the remnant of the
galaxy due to the non-radial orbit, survives after 3
Gyrs, and less material is left for the shells. Promi-

nent shells exist after 2.5 Gyrs, which can be seen in
Fig. 9 in the middle panel in the bottom row, and
the faint shells in the corresponding panel in Fig. 10.
The same comparison can be seen in Fig. 1 and Fig. 2
for the S3-150-0 model, and in Fig. 3 and Fig. 4 for
the S3-150-50 model, which corresponds to Fig. 10 in
the phase space. In Fig. 11, a v-d plot is presented
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Fig. 6: Different merger scenarios at 2.5 Gyrs from the beginning of the simulation. Panels

represent the same

models as given in Fig. 5, but in the x-y plane. Symbols are the same as in Fig. 5.
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Fig. 7: Different merger scenarios at at 1 Gyr after the first pericentric passage. Panels represent the same models

as given in Fig. 5, in the x-z plane. Symbols are the same as in Fig. 5.

for the same time interval for the S3-150-100 model.
In this case, for the 100 km/s of initial velocity, the
satellite galaxy is orbiting around the host, without
a merger for the first 3 Gyrs.

The v-d plots for all models after 2.5 Gyrs are
given in Fig. 12. Panels in the figure correspond to
the panels in Fig. 5 and Fig. 6. In Fig.12, we have
confirmation of what was previously stated: shells are
formed in radial merger events for all models, and we

also have formed shells exist for models S3-150 for
initial velocities up to 50 km/s; for the model S3-
200 up to 25km/s, and for S3-250 only in the radial
merger with zero velocity. These shells are differ-
ent in their radii and intensity. With the increase of
initial velocity, the number of shells and their radii
decreases. Shells are becoming less prominent due to
a smaller number of particles forming shells. For the
S3-150 model, the radial merger produces several very
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Fig. 8: Different merger scenarios at 1 Gyr after the first pericentric passage. Panels represent models as given in

Fig. 5, in the x-y plane. Symbols are the same as in Fig. 5

prominent shells with radii of up to 100 kpc, while in
the S3-150-50 model the number of shells, as well as
their intensity and radii, are smaller. Similarly, if we
compare S3-200-0, S3-200-25, and S3-200-50, we can
see very faint shells for S3-200-25, and no formed shell
for the S3-200-50 model. In Fig. 13, we presented the
v-d plots at 1 Gyr after the first pericentric passage
in each simualation. Panels correspod to panels in
Fig. 7 and Fig. 8. We can confirm the formation of
the previous results presented in Fig. 12, and forma-
tion of prominent shells in radial mergers for different
initial distances. For a fixed distance, the shell will
be less prominent and will not form for initial veloci-
ties larger than 50 km/s for S3-150 models, 25 km/s
for S3-200 models, and 0 km/s for S3-250 models.

4. DISCUSSION AND CONCLUSIONS

We investigated possible orbits of the satellite
galaxy that can form stellar shells. The formation of
the stellar shells is common in almost radial mergers,
which we presented in Paper I, for different satellite
morphologies. In this paper, we present the influence
of initial velocity, and consequently deviation from
radial orbit, on stellar shells formation in the halo of
the host.

We ran pure N-body simulations for 4 Gyrs, and
we used a spherical satellite galaxy and an M31-like
model for the host. For several initial distances, we
varied the initial velocity from 0 to 150 km/s with a
step of 25 kmm/s. For the distance of 150 kpc, stel-
lar shells form for initial velocity 0 km/s. The shells
are prominent, and multiple shells are formed with
radii up to 100 kpc. When the initial velocity is in-

creased to 25 km/s and 50 km/s, fainter shells were
formed. For distances larger than 150 kpc, shells form
only in almost radial mergers. Faint structures are
formed in the S3-200-25 model with an initial veloc-
ity of 25 km/s. In the S3-250-0 model, with an initial
distance of 250 kpc, structures are formed only in the
case of a radial merger, 2.5 Gyr after the start of the
simulation. For velocities larger than 50 km/s in the
S3-150 models, 25 km/s in S3-200, and 0 km/s in
S3-250, the satellite galaxy will experience tidal dis-
ruption, or will orbit around the host, but without
stellar shell formation.

To identify shells, we generate phase v-d plots and
compare them with distributions in the x-y and x-
z planes. We traced the formation of shells in the
first 3 Gyrs, and compared tidal structures formed
after 2.5 Gyrs for all models. Deviation from a radial
orbit leads to formation of faint stellar structures, and
these phase plots confirm the intensity and number of
formed shells. In the other direction, for the observed
stellar shells, we can find an upper limit for the initial
tangential velocity for a given initial distance, which
still allows shell formation. In merger models, it is not
necessary to have a radial orbit for shell formation,
especially in the case of a very faint stellar shell with
a small radius. Combination of initial parameters,
like the initial distance and velocity, gives possible
scenarios for stellar shell formation that deviate from
the radial orbit, and they are given in Fig. 5, Fig. 6,
and Fig. 12. For the initial distance of 150 kpc, shells
are formed for the initial velocities up to 50 km/s, for
200 kpc, up to 25 km/s, and for 250 kpc only for 0
km/s, all in the first 2.5 Gyrs after the beginning of
the simulation. These results are confirmed in Fig. 7,
Fig. 8 and Fig. 13, where we presented formation of
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Fig. 9: The phase-space plots for the time interval between 0 and 3 Gyrs, for the S3-150-0 model. There are several
formed shells and a stellar stream.
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Fig. 10: The phase-space plots for the time interval between 0 and 3 Gyrs for the S3-150-50 model. With the initial

velocity 50 km/s, we have less prominent shells that are formed later in the merger.
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Fig. 12: The phase-space plots at 2.5 Gyrs from the beginning of the simulation. The upper row represents models
with initial distance of 150 kpc, and for initial velocities from 0 to 100 km/s, with a step of 25 km/s. The middle
row is for models with initial distance of 200 kpc, and the bottom row is for initial distance of 250 kpc. Symbols and

panels correspond to the panels in Fig. 5 and Fig. 6.

tidal structures at time 1 Gyr after the first pericen-

tric passage.

Observed properties and detected stellar shells, or
lack of the shells, can constrain possible orbits and
initial velocity of the satellite galaxy at the beginning
of the accretion onto the host (Hendel and Johnston
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2015). In combination with results and statistics of

large cosmological simulations, where merger histo-

ries are known, the initial conditions for a halo tidal
structure formation, and parameters for numerical
simulations can be better constrained. This will be
a part of our future work.
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Fig. 13: The phase-space plots at 1 Gyr after the first pericentric passage. The upper row represents the models
with initial distance of 150 kpc and for initial velocities from 0 to 100 km/s, with a step of 25 km/s. The middle row
is for the models with initial distance of 200 kpc, and the bottom row is for initial distance of 250 kpc. Symbols and

panels correspond to the panels in Fig. 7 and Fig. 8.
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MOT'YRE OPBUTE TM'AJIAKCNJE CATEJINTA IIP1 $OPMUPAILY
3BE3JAHUNX JbYCKN Y CYIJAPVMA TAJIAKCNJA
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YK 524.74:519.876
Opueunasiy HaywHy pao

Y oBoM pany UCTpaKyjeMO (opMHUpaH-€ 3Be3-
IOAHUX JbYyCKU, HACTAJUX y CYIOAPUMa CIUPAIIHE
rajjakcuje ca Cc(epoummHOM TaJIaKCHjOM Koja je
HeH caTejnT. 3Be3JaHe JbyCke ce (popMupajy y
cyJapuMa KOjU CY CKOPO PaIUjaHA U Yy OBOM
pany je TeCTUPAHO KOJIMKO OpOnTa MOKE & O-
cTymna oI panrjaliHe, a Ja ce JbYCKe uIaK (op-
Mupajy. U3Bpmene cy cumynanuje N Tena cyna-
pa raJjakcuje Koja mMa CTpyKTypy kao M31 ra-
Jakcuja u chepounHe rajaxcuje careaura. Cu-
MyJalyje Cy W3BPIIEHE 33 BPEMEHCKU WHTEPBAJI
on 4 muaujapne romuaa. Ca moyeTHOM OpP3WHOM
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no 50 km/s, y oBUM CymapHUM CIEHAPUjUMa, CE
dopMmpajy 3Be3naHe JbYCKEe 33 MOYETHY yIaJbe-
voct on 150 kpc; 3aTtum y cymapuma ca moder-
HOM Op3unoM careaura no 25 km/s 3a ynase-
voct on 200 kpc m 3a modeTrHy yOAJBEHOCT OL
250 kpc, 3Be3mane Jpycke ce GopMupajy camo y
paaujalHUM CcyapuMa HaKOH 2,5 Muiaujapau ro-
OUHA OJ moueTka cuMmyJianuje. Ilyrame nepunn-
cane nmoderHoM Gp3uuoMm ox 100 km/s u Behow,
Y3POKYjy cylIape KOju He BoAe (OopMUPamy JbYC-
KU, WX TaK He OJIA3U IO CyAapa.
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