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INVESTIGATION OF THE DISTRIBUTION OF DARK MATTER  
IN THE GALACTIC STRUCTURE 

 
Abstract. We investigate the formation of disk-bulge-halo systems by including the basic components in the 

theory of the formation of galaxy. The purpose of this article is to investigate the distribution of dark matter in the 
Galactic structure and examine the impact of subhalo on the halo and the disk components to be included in one 
simple scenario of the formation of the galaxy. We investigate several important characteristics of galaxies, such as 
coordinates, position, velocity and masses, to form a stable component of the galaxy. We search for the parameters 
and physical processes that determine the subhalo-halo ratio, and thus largely explain the origin of the collision or 
other obstacles through the galactic halo. The spread over the radial velocities of the halo, combined with the spread 
of obstacles in the distances from the center of the galaxy, may explain the observed spread over the properties of the 
disk and the bulge. The paper uses data from Auriga_proper_unit - a data file of the main galaxies in Aurig-6 before 
free run. The units of data length used in Gadget2, such as coordinates and density, are converted from Mpc to kpc 
and also include star_age.  

Key words: dark matter (DM), radial velocity, Galactocentric coordinate system. 
 
I. Introduction 
One of the most compelling puzzles in present day astronomy is the question how galaxies formed. In 

particular, we need to understand the wide variety of sizes, masses and morphologies of galaxies observed, 
as well as their coordinates, position, velocity and masses. The main morphological parameter that sets the 
classification of galaxies in the (revised) Hubble diagram is the disk-to-bulge ratio. Disk dominated 
systems such as spirals are believed to have formed by cooling of the baryonic matter inside a virialized 
dark halo. As the gas cools, its specific angular velocity is conserved, and the amount of angular velocity 
of the dark halo thus determines the size of the disk [1]. 

We envision an inside-out formation scenario for the bulge. It is assumed that the bulge forms out of 
the low-angular velocity material in the halo, which cools and tries to settle into a small, compact disk. 
Such disks are however unstable, and we assume here that this instability, coupled with the continuous 
supply of new layers of baryonic matter that cool and collapse, forms the bulge. This inside-out bulge 
formation is self-regulated in that the bulge grows until it is massive enough to allow the remaining gas to 
form a stable disk component. We do not describe the bulge formation in any detail but merely use 
empirical relations of the characteristic structural parameters of bulges and ellipticals to describe the end 
result of the formation process as a realistic galaxy. We use this simple formation scenario to investigate 
the predicted disk-to-bulge ratios and disk scale-lengths as a function of the halo angular velocity, and as a 
function of formation redshift and cosmology.  
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Figure 1 shows the distribution of particles with respect to the center of the Galaxy for the he units of 
data length used in Gadget2. Snapshot_000 is the initial condition of collision simulation, snapshot_029 is 
a snapshot when the distance between the satellite is about 10 kpc, snapshot 032 is a snapshot when the 
distance to the satellite is about 5 kpc, and snapshot when the distance to the satellite is about 1 kpc. In 
which orbital evolution and masses are consistent with previous models. This model can reproduce the 
observed location and the LA reasonably well and shows bifurcated structures, which appears to be 
consistent with observations. 

III Distances and Geometry  
Remind that galactic coordinates system this is the system with origin placed on the Sun and extended 

through the center of Galaxy. Its plane coincides with the plane of Galaxy dick [2]. In disk. In doing this, 
its latitude b is measured from galaxies plane to an object and takes magnitudes from −90˚ up to +90˚. 
Galactic longitude l is measured at the Galaxy plane from the baseline connected the Sun and galactic 
center up to the baseline connected the Sun and object. Counting directs to the same way that the right 
ascension in the second equatorial coordinates. Therefore the galactic longitude puts i limits from 0 ˚ up to 
360˚. The position of object in galactic coordinates describes by matrix expression 

o

    

cos cos

sin c s

sin

x r

y r

z r

 
 






 

 
The longitude-velocity distribution (Figs. 1b and 2b) is approximately sinusoidal and that of the 

latitude-velocity distribution (Figs. 1c and 2c) follows a cosine law. In consequence, the radial velocity 
momentum distribution of the LMCs can be represented by the following formula: 

 

x z y

y z x

z y x

L y v z v

L x v z v

L x v y v

   

   

   

 

 
We assume that we start with a 3D position in the ICRS reference frame: a Right Ascension, 

Declination, and heliocentric distance ( , ,r  ). We can convert this to a Cartesian position using the 
standard transformation from Cartesian to spherical coordinates: 

 
2 2 2r x y z    

 
where 200 230 / secrv km  . This distribution law admits a simple interpretation (or “inversion”), 

namely: it reflects a roughly uniform flow of HVCs that comes approximately from galactic coordinates 
0

0 90l   and 0
0 0b   and that encloses the whole Galaxy. If v  and rv  are the velocities of the Sun and 

of the LMC flow with respect to the Galactic center respectively, the radial velocities of the LMCs with 
respect to the LSR are given by 

 

x y z
r

x v y v z v
v

r

    
  

 
This model is therefore one of the successful models in the present study. The physical properties can 

be well reproduced by the present models, as long as we adopt the velocity type. However, models with 
the velocity type cannot reproduce well the observed locations. The physical properties in models with 
different velocity types are briefly discussed in Figure 2. 
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dark matter particles in galaxy disks under the epicyclic theory. However, in this approximation, which is 
valid only for very small amplitude orbits for which the potential changes little vertically, stars have the 
same vertical oscillatory frequency ν and there is no phase mixing, unless orbits at different guiding 
radius, thus with different frequencies, are considered [3]. Instead, we used an anharmonic oscillator with 
the potential. We took the coefficients 0 1 2, ,   corresponding to the expansion for small Z, derived 

elsewhere, with values of 116.5 ,  0.26 ,  10a kpc b kpc M M   . These coefficients depend on 

Galactocentric radius R . 
The phase space evolution described above is shown in the top row of Extended Data Fig.3. Initially, 

the particles followed a Gaussian distribution in  0Z t   and  0ZV t   with mean and dispersion of 

0.1kpc  and 0.04kpc , and 12km s   and 11km s , respectively. We located all particles at the same 

Galactocentric radius 8.5R kpc , and thus, they all move under the same functional form of the vertical 
potential. The initial conditions are shown in Extended Data Fig. 3a, where we colour-coded the particles 
according to their period. Following Eq. (3), each star follows a clockwise rotation in the ZZ V  plane. 

However, they do it at a different angular speed: stars with smaller period located at the closer distances 
from the mid-plane  0Z   revolve faster than those located at the largest distances from the mid-plane. 

The whole range of frequencies is what creates, therefore, the spiral shape. Extended Data Fig.3b shows 
the evolution of the system for three initial phases of the time evolution when the spiral shape begins to 
form. Extended Data Fig.3c shows the spiral shape after 1000Myr  of evolution. 

  

 
 

Figure 7 - Distribution of stars in the horizontal coordinate plane within 2 kpc of the sun. The panels are for stars in our sample 
located at initial conditions of collision simulation, satellite data from the disk about 10kpc and 1 kpc. a) The first column 

represents two-dimensional histogram in bins of   0.1xD kpc  and   0.1yD kpc  for halo, with the darkness being proportional 

to the number of counts.; b) The second column represents plane coloured as a two-dimensional histogram of disk 
 
In the Gaia data, we do not see a thin spiral but a thick one, with many of the stars in the volume 

participating in it [4]. A similar effect was reached with our toy model when we included particles at 
different radius for which the vertical potential changes and the range of amplitudes/frequencies also 
changes. In Extended Data Fig.3 (bottom row) we let the same system evolve as in the top row but starting 
with initial radius following a skewed normal distribution, which creates a density decreasing with radius 
as in galaxy disks, with skewness of 10, location parameter of 8.4kpc  and scale parameter of 0.2kpc . 
The spiral structure is now thickened similarly to the data, with higher density of stars at the leading edge 
of the spiral. 

To estimate the time of the phase mixing event from the spiral seen in the Gaia data (Fig.1) using Eq. 
(4), we needed to locate two consecutive turns of the spiral and estimate their vertical frequencies from 
their amplitudes and mean radius. For this, we used Extended Data Fig.5 which has been colour coded as a 
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changed dramatically with the second Data Release of the Gaia mission which has just become available. 
Here we report that the phase space distribution of stars in the disk of the Milky Way is full of 
substructure with a variety of morphologies never observed before, namely snail shells and ridges when 
spatial and velocity coordinates are combined. The nature of these new substructures implies that the disk 
is phase mixing from an out of equilibrium state, and that it is strongly affected by the Galactic bar and/or 
spiral structure. 

The ability of Auriga_proper_unit - by used in Gadget2 to make µ as measurements of the positions 
of faint stars is unmatched among all planned missions. Tis simulation method will be able to probe 
accurately the three-dimensional stellar phase space distribution around the outskirts of our own Galaxy, 
within a nearby sample of dwarf galaxies, and in other Local Group systems – and these are the only 
galaxies in the Universe for which such data will be available. These measurements provide unique 
windows on some key astrophysical problems, from galaxy formation and the structure of DM halos, to 
the nature of DM itself. 

The work was carried out within the framework of Project No. AP05134454 "Evolution of the 
perturbations in the density of dark matter in a very early Universe", financed by the JSC "National Center 
for Space Research and Technology", Aerospace Committee of the MDAI of the Republic of Kazakhstan. 

Author express their gratitude to professor Yougang Wang from National Astronomical Observatories 
of Chinese Academy of Sciences for the problem forwarding and the permanent supporting for its solving. 
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Əл-Фараби атындағы ҚазҰУ, «В.Г. Фесенков атындағы Астрофизика Институты»,   «Ұлттық ғарыштық 
зерттеулер мен технологиялар орталығы»АҚ, Қазақстан Республикасы ММАИ аэроғарыштық комитеті 

 
ГАЛАЛТИКАЛЫҚ ҚҰРЫЛЫМЫНДАҒЫ ҚАРАҢҒЫ  

МАТЕРИЯНЫҢ ТАРАЛУЫН ЗЕРТТЕУ 
 
Аннотация. Галактиканың қалыптасу теориясындағы негізгі компоненттерді қосу арқылы дискілік-

гало-гало жүйелерінің қалыптасуын зерттейміз. Бұл мақаланың мақсаты галактик құрылымында қараңғы 
материяның таралуын зерттеу жəне негізгі галоға субгалонның əсерін, сонымен қатар галактиканың 
қалыптасуының қарапайым сценарийіне енетін диск компоненттерін зерттеу болып табылады. Галактиканың 
тұрақты компоненттерін қалыптастыру үшін координаттар, орналасу, жылдамдықтар жəне массалар сияқты 
галактикалардың бірнеше маңызды сипаттамаларын зерттейміз. Субгало-гало қатынасын анықтайтын 
параметрлер мен физикалық процестерді іздейміз, осылайша галактикалық гало арқылы соқтығысудың 
немесе басқа кедергілердің пайда болуын айтарлықтай түсіндіреміз. Галактиканың орталығынан қашықтықта 
кедергілер таралуымен біріктірілген субгалосының радиалды жылдамдықтары бойынша таралуы дискінің 
қасиеттері мен қабынуының байқалған таралуын түсіндіре алады. Бұл құжатта Auriga_proper_unit - Aurig-6 
негізгі галактикалардың деректер файлы еркін айналымнан бұрын қолданады. Gadget2-де координаттар мен 
тығыздық сияқты қолданылатын деректер ұзындығының бірліктері, мпк-дан кпк-ға дейін өзгертіледі жəне 
жұлдыз_жасын қамтиды.  

Түйін сөздер: қара материя (DM), радиалды жылдамдық, Галактоцентрический координат жүйесі 
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ИССЛЕДОВАНИЕ РАСПРЕДЕЛЕНИЯ ТЕМНОЙ МАТЕРИИ  
В ГАЛАКТИЧЕСКОЙ СТРУКТУРЕ 

 
Аннотация. Мы исследуем образование систем диск-балж-гало путем включения основных компо-

нентов в теорию образования галактики. Цель этой статьи - исследовать распределение темной материи в 
структуре Галактики и изучить влияние субгало на гало и компоненты диска, которые должны быть 
включены в один простой сценарий формирования галактики. Мы исследуем нескольких важных 
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характеристик галактик, таких как координаты, положение, скорость и массы, чтобы сформировать 
стабильности компоненты галактики. Мы ищем параметры и физические процессы, которые определяют 
отношение субгало-гало, и, таким образом, в значительной степени объясняют происхождение столкновения 
или других препятствий через галактическое гало. Разброс по лучевым скоростям гало в сочетании с 
разбросом препятствий на расстояниях от центра галактики может объяснить наблюдаемый разброс по 
свойствам диска и выпуклости. В работе используются данные из Auriga_proper_unit - файла данных о 
главных галактиках в Auriga-6 до свободного запуска. Единицы длины данных, используемые в Gadget2, 
такие как координаты и плотность, конвертируются из Mpc в kpc и также включают star_age.  

Ключевые слова: темная материя (ДМ), лучевая скорость, галактоцентрическая система координат. 
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