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GASODYNAMICAL MODEL OF THE
TRIAXIAL PROTOGALAXY COLLAPSE

P. BERCZIK and I. G. KOLESNIK

Main Astronomical Observatory of Ukrainian National Academy of Sciences,
252650, Golosiiv, Kiev-022, Ukraine

(Received February 14, 1996)

This is the first article in a series of papers about the 3D models of triaxial galaxy formation
carried out by the Smoothed Particle Hydrodynamics (SPH) method (Berczik and Kolesnik, 1993,
1995). We use the triaxial model for initial conditions of protogalaxies. We model the body of
protogalaxies by triaxial ellipsoids with semiaxes A,B and C'. Initial velocity fields are defined by
the initial angular velocity Q¢. The total angular momentum does not coincide with semiaxes.
Therefore the initial velocity field can be described by the formula: Vo(z,y,2) = [Qo x1}. In
this paper we discuss a series of models of an isotermal and adiabatic collapse of pure gas triaxial
protogalaxies.

KEY WORDS Galactic formation, SPH, triaxial galaxies, warp galactic structures

1 INTRODUCTION

We not discuss here in detail the process that lead to a formation of a triaxial
protogalaxy. This is an independent cosmological problem that needs a separate
investigation. But, as we know, the protogalactic perturbation in the early universe
may be triaxial (Berdeen et al., 1986; White and Silk, 1979; Eisenstein and Loeb,
1995). Therefore, when the galaxy is formed through the evolution of a triaxial
protogalaxy fragment, the resulting galaxy also may be triaxial.

The problem of the origin of the initial angular momentum of a protogalaxy
have many different solutions (Voglis and Hiotelis, 1989; Chernin, 1993). But, in
common cases, the models shows that there exists a probability that the protogalaxy
has on initial total angular momentum vector which does not coincide with any of
the main axes of the triaxial initial protogalactic figure. Then, as a result of a
dynamical collapse, we can expect a triaxial galaxy having complicated internal
kinematics (Curir and Diaferio, 1994).

The number of data on galaxies being triaxial in their majority increases steadily.
First of all, elliptical galaxies are triaxial (Illingworth, 1977; Binney, 1978, 1985).
This conclusion, in many cases, follows from the analysis of the shape and bright-
ness distribution of the images of elliptical galaxies. Still more convincing data on
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the triaxial shape of ellipticals are obtained from their kinematical properties. New
investigations confirm this idea, and now we may make a conclusion that all ellip-
ticals are triaxial (Franx et al., 1989; Kormendy and Djorgovski, 1989; de Zeeuw
and Franx, 1991; Franx et al., 1991).

It is also possible for the warping processes in the disk system to examined as
an evidence of the general triaxiality of this system (Binney, 1992). Asymmetries
in the distribution of light and neutral hydrogen also often observed in disk galax-
ies (Richter and Sancisi, 1994). On the basis of the data about bar — galaxies we
conclude that a considerable part of such systems has an essentially triaxial gravi-
tational potential (Pfenniger, 1984). Now the number of data about the triaxiality
of bulges in spiral galaxies steadily increases (Bertola et al., 1991; Weinberg, 1992).
The Milkyway galaxy and M31 also may have extended triaxial bulges (Blitz and
Spergel, 1991a,b).

Really, there exist some various processes that can lead to a formation of triax-
ial galaxies, e.g. “cold” nondissipative collapse of spherical systems (Aguilar and
Merritt, 1990; Voglis, 1994). But a great number of triaxial shaping among the
galaxies generates an idea that triaxial configuration can initially exist on the pro-
togalactic stage of evolution. We expect that this triaxial form already exists on
the early state of evolution of protogalaxies, when the star formation does still not
start, and protogalaxies have only pure gas components. From our point of view,
the triaxiality of protogalaxies may be the main generating factor of the present
triaxial shape of galaxies.

In this paper we consider a case, when in the initial state the protogalaxy is a
homogeneous triaxial ellipsoid having an angular momentum arbitrary oriented in
space. Simulations were carried out by the SPH method. The properties of early
gas galaxies, which can be formed as a result of an isothermal or adiabatic collapse,
are considered.

In the next paper, we shall describe the result of the next series of models,
in which we shall include the star formation process in the evolution of a triaxial
protogalaxy.

2 THE SPH CODE FOR SIMULATIONS OF GALAXY FORMATION

2.1 Basic Principles

Continuous hydrodynamic fields in SPH are described by the interpolation func-
tions constructed from the known values of these functions at randomly positioned
particles. In this case the mean value of a physical field f(r) at the point r can be
written as (Monaghan, 1992; Monaghan and Lattanzio, 1985):

(f(x)) = / f(x') - Wie —r'; )dr, (1)

where W(r - r’; h) is the kernel function and h is the softening constant.
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The function W(u;h) is strongly peaked at |u] = 0, and we can consider it
without any loss of generality as belonging to the class of even functions. In this
case it is not difficult to demonstrate (Hernquist and Katz, 1989) that the average
value (f(r)) represents the real function f(r), with an error not higher than O(h?):

Consider a fluid with the density p(r). We rewrite (1) in the form

(e = [ L5 W=y o ya @)

Let us imagine that f(r) and p(r) are known only at N discrete points r;. Then,
equation (2) gives
Z m; - -—. ’ ij- . (3)

Here f; = f(r:), pi = p(ri), Wi; = W(x; — rj; h) and m; is a mass of particle 3.

Using (3), we approximate the hydrodynamic field by an analytical function
which is differentiable as many times as the kernel W;;.

Following Monaghan and Lattanzio (1985) for the kernel function W;; we shall
use the spline expression in the form

R R (G IR R et
Wi = 3 32— 5 if1<5r<y )
0, otherwise.

The local resolution in SPH is defined by the chosen smoothing length h. If it is
the same for all points, the hydrodynamic field will be evidently approximated more
smoothly in the regions where the points lie more closely; i.e. where the density is
higher.

To achive the same level of accuracy for all points in the fluid, it is necessary
to use a spatially variable smoothing length. In this case each particle has its
individual value of h. Following Hernquist and Katz (1989), instead of (1) we shall
write

mm—/ﬂr W (5x; k) + W (5e; B)dr )

Here ér =r —1r', h = A(xr) and fz' = h(r’). For the density p(r) it gives

{p(rs)) Z mj - = (W (rij; bi) + W(rizs by)]. (6)

Other hydrodynamic functions are written in the same manner.

Many different procedures were proposed for choosing of individual smothing
lengths h;. In our calculations the values of h; were determined from the condition
that the number of particles Ng in the neighbourhood of each particle remains
constant. The value of Ng is chosen such that a certain fraction from the total
number of particles N affects the local flow characteristics (Hiotelis and Voglis,
1991).
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2.2 Hydrodynamics Equations

If the density is computed according to the equation (6), then the continuity equa-
tion is satisfied automatically. The equations of motion for particle 7 are

dr,- _ ]

@ - g
dV,' _ V,-P vxs

= = . — V®;, (8)

where P; is the pressure, ®; is the gravitational potential, a}’® is an artificial viscosity
term. Using the equations (5) and (6) we can write:

N

VP P;

— = E :mz =k (;— + p—é) X [ViW(rij; hi) + ViW (rij; hj)]. (9)
i

The artificial viscosity term a)™® is introduced to describe flows with shock waves.
In present calculations the viscous acceleration was introduced by replacing (P;/p?+
P;/p?) in equation (9) by (P:/p? + P;/p}) - (1 + mi;). The expression for m;; has the
form (Hiotelis et al., 1991)

mij = = i + B ply, (10)

where o and § are constants, and p;; is defined by the relation

hij(virij : .
s = {z‘,—(i’%’;&;f) if (vij -xi;) <0;
i =

(11)

0, otherwise.

Here ¢;; = (ci + ¢j)/2 is the sound speed averaged for points ¢ and j; hi; =
(hi +h;)/2; rij = (r; —rj) and vij = (vi — vj) is the relative velocity vector for the
points i and j. The term n?. h2 is inserted to prevent divergences when r;; = 0 and
it should be small enough. The constant n was set equal to 0.1. For the constant «
and S in (10) the values @ = 1 and # = 2 give good results in a wide range of the
Mach numbers (Monaghan, 1992).

By using equation (4), for the gravitational acceleration —V;®; one gets (Hiotelis
and Voglis, 1991)

N
1
V= - 3G my - T o) + ()] (12)
ji=1 ‘J
where

%-ug—g-u2+%-u2, if 0 <up <1
glug) — 15+ uk-—3uk+ Suf — 1u2, ifl <up <2

1, otherwise,

-
[

and u =
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When isothermal flows are considered, the system of equations is closed by
adding the eguation of state:
Pi:/)i'cizy (13)

where ¢; is the isothermal speed of sound.
For adiabatic flows the energy equation in the particle representation has the
form

N
du,~ 1 P,‘ P'
x  [ViW(rij; i) 4 ViW (rijs byl - i (14)

where u; is the specific internal energy of particle i. And to close the system, the
equation of state must be added, which can be written in the form

P,-:pi-('y—l)~u.;, (15)

where v is the adiabatic index.

2.8 The SPH Code

To solve the system of equations (7), (8) and (14) we use the algorithm of individual
time steps. This system of equations has the form

dr;/dt = vy;
dvi/dt = Fi(P,p,r,v); (16)
du;/dt = G;(P, p,r,v).

The time step 6¢; for each particle depends on the particle’s acceleration a;, and
velocity v;, as well on viscous forces.
To define 6t; we will use the relation (Hiotelis and Voglis, 1991)

N\NYZ R h
6:;=C,.min{<ﬂ) i h'], (17)

)il s
where s; = ¢; - (1+ a + 0.68 - - max [p;;]) and C, is Courant’s number. Usually
Cn, =0.01+0.1.
The system of equations (16) is integrated in five steps.
Step one. Let t; and §t; be the current time and time step for ith particle. We

choose such a particle i. that have the minimum value of t; + 6¢;. For this particle
t« = tis, 61, = 61;.. Thereafter we find for other particles

&‘(,1/2) = % <6ty + (t-o- - ti)’

and
6t = 6ty + (t. — t2).
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Step two. Using the Euler method (yn41 — y» = Az - f(2, yn)), we predict the

(n+1/2) (n+1/2) (n+1/2) d (n+1 2)

values of r; ) for all particles at the moment

=1t + 6t(1/z) To obtam pf"+1/ ) for all partlcles except 1., we use equation {6)
in which only r;; varies with time. The calculation relations are
j

F(PHUD) ) 5172 (o),

v(n+1/2) (ﬂ) +5t(1/2) F(")(P P, V)
ugn+1/2) (ﬂ) +6t(l/2) G(n)(P p,T, V) (18)

P = Pz(-n) + 8t/ x 21 my LW (rij; hi) + W (rijs hy)l,
J:’

where viris ar v
| [FEReE -, oLy
Wirjih) = —5 § —§952(2- 507 if1< <2

0, otherwise.

The values thus obtained need not be stored in separate arrays, they are used
only for exact integration of the equation for the particle i..

Step three. The density p, is most sensitive to time variations on the interval

. Therefore, we firstly, by the qulcksort algorithm, find a new value of h&"“/ 2

based on the predicted values of r(""'1 ? and then determine p("+1/ ?) from the exact
equation (6). This value of densnt.y is used to calculate the particle i, parameters
for the moment t. + % - §t4 from equations (18).

Step four. We find the particle i, parameters at the moment ¢, + 6t.:

V£n+1) - vgn) + 6t, .FS"+1/2)(P,,0,1‘,V);
r£n+1) _ I‘S:n) + 6t - % ) (v£n) + v£n+1)); (19)
us."ﬂ) = u&ﬂ) + 6t - G£n+1/2)(P’ ,0,1"")'

Step five. Substituting 6t$1) instead of 6t(.1/2) in (18), we synchronize the pa-
rameters for all particles except i, at the moment t. + 6t.. Thereafter we define the
new value of A{"*") based on the values r ( "+1) and find p("+ ) using equation (6).
After that the current time is set equal to t. + 6t.. The new time step for 8¢; is
determined, and all cycle is repeated.

We have carried out (Berczik and Kolesnik, 1993) a large series of test calcula-
tions to check that the code elaborated is correct, the conservation laws are obeyed
and the hydrodynamic fields are represented adequately. These tests have shown
good results.

3 OVERVIEW OF MODELS

3.1 Initial Conditions

We suppose, the common initial conditions for protogalaxy. We model the initial
body of protogalaxy by homogenious triaxial HI ellipsoids with semiaxes A, B and
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C. In all models we take My = 1012M as the mass of protogalaxy. We take the
initial temperature of gas Ty. The initial orientation of ellipsoid semiaxes A, B and
C coincides with the axes of the axes of the coordinate system (z,y, 2). The initial
velocity fields are defined though the angular velocity Qq(z, y, 2).

Vo(l‘,y, z) = [90(3)% z) x l‘].

The initial angular velocity € is taken constant in space. Therefore Qo(z,y,2) =
Qo = Const. The orientation of the initial angular velocity is defined by its compo-
nents: (o, oy, R0:). We investigate a different orientation of the initial angular
velocity. The standard spin parameter defined as (Peebles, 1969):

3 = Lol - VIET]

where the Lo is the total initial angular momentum and the EJ" is the total initial
gravitational energy of a protogalaxy.

In all models we cary out two series of the calculations with N = 515 and
N = 4169 gas particles. We take the parameter Np equal to 5 for the first series
of models and to 10 for the second series of models. We take the initial centre of
particles in space with an equal step for the three coordinate axes. Therefore the
initial configuration of particles forms a system of homogenious cubic cells. The
Table 1 lists parameters of models. The Qg = Viir/A and Vi = (G - Myp /A2
The A, B and C, in the Table 1, are shown in kpc.

(20)

Table 1. The list of parameters

A B C Qo /Ser A To=16*  10°  5x10°  10% (adiab)
100 90 50 (0.8,0.0,08) 0.28 - - B1 -

100 60 50 (0.5,0.0,0.5) 0.13 - - T1 -

100 75 50 (0.8,00,08) 0.21 - TT1 -

100 75 50 (0.5,00,05) 013 -
100 75 50 (0.8,0.0,0.4) 0.1 TT2 - - -
100 75 50 (0.4,0.0,0.8) 0.22 TT4 - - -

In the case when the angular momentum was acquired by the tidal torque of the
matter around the protogalaxy, spin parameter does not exceed A = 0.1 (Voglis and
Hiotelis, 1989; Zurek et al., 1988; Eisenstein and Loeb, 1995). In our calculations we
investigate the case when the protogalaxy may also have an aditional own angular
momentum of the order or more than the angular momentum defined by the tidal
torque. As aresult, we take the value of the initial spin parameter of the protogalaxy

to be Ax0.1=0.3.
3.2 Discussion of the Results

The global evolution of isothermal models in the second series B1, T1, TT1 and the
adiabatic model TT1A are shown in Figures 1, 2, 3 and 4.
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ir

Figure 1 The model B1. The first column correspond to XY plane; the second, XZ plane and
the third, YZ plane. The step 17 corresponds to t &~ 0.61 X 10° year. The step 40 corresponds to
t =~ 0.98 x 10° year. The diameter of cell represented in the figure is 200 kpec.
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Figure 2 The model T1. The first column corresponds to XY plane; the second, XZ plane and
the third, YZ plane. The step 14 corresponds to t & 0.46 x 10° year. The step 33 corresponds to
t & 0.78 x 10° year. The diameter of the cell represented in the figure is 200 kpc.
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Figure 3 The model TT1. The first column corresponds to XY plane; the second, XZ plane and
the third, YZ plane. The step 17 corresponds to ¢ & 0.61 x 10° year. The step 40 corresponds to
t & 1.07 x 10° year. The diameter of the cell represented in the figure is 200 kpc.
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Figure 4 The model TT1A. The first column corresponds to XY plane; the second, XZ plane
and the third, YZ plane. The step 20 corresponds to ¢t = 0.66 x 10? year. The step 54 corresponds
to t & 1.67 x 10? year. The diameter of the cell represented in the figure is 200 kpc.
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The model BI. The initial body of protogalaxy in model Bl is almost a disk
structure. The A = 100, B = 90 and C = 50 kpc. The initial angular momentum
vector has only two components, the ¢, = 0.8 - Q. and Qg, = 0.8 Qcir. The
initial temperature of gas is 7p = 5 x 10° K. The initial density of a homogenious
ellipsoid is po ~ 0.015 cm~3. In all models to represent dynamical data we use the
coordinate system in which the initial angular momentum have only one component
£20,. The initial distribution of rotation velocity, in this coordinate system, is linear
and has a maximum value Viot & 250 km/s.

The first step in Figure 1 corresponds to the time ¢ & 0.61 x 10° year. During
this time, the gas collapse along the rotation axes. This is shortest dynamical
process. This process form a thin disk with complex velocity fields. The rotational
velocity in the disk has a linear part (up to 50 kpc) and a flat one (the value of
Viot & 200 km/s). The velocity dispersion along the collapse axis has a maximum
value V, & 150 km/s. The density in the disk has almost a power distribution with
the maximum central value p. ~ 0.8 cm™3,

The second step in Figure 1 corresponds to the time ¢ & 0.75 x 10° year. At
this time, we see an interesting collapse in the central part of a protogalaxy (up to
= 20 kpc) which form a thin, compact central disk. The rotational velocity in this
disk is almost linear, with the maximum value near 20 kpc of V;o; & 400 km/s. The
velocity dispersion along the collapse axis has a maximum value V, = 125 km/s.
The density in the central disk has a power distribution with the maximum central
value p, &~ 20 cm~3.

The third step in Figure 1 corresponds to the time ¢ & 0.82 x 10° year. In this
picture, we see a strong triaxial bar formation in the central regions with parameters
typical for spiral galaxies.

In the Figure 5 we show a more detail view of step 35 in model B1. This step
corresponds to t & 0.89 x 10° year. The diameter of the cell represented in the
Figure 5 is 100 kpc.

The final stage in our calculations for this model corresponds to the time ¢ =
0.98 x 10° year. At this step the central density already has a maximum value
pe = 300 cm™3. The rotation curve is typical for disk galaxies. It has a linear
growing part up to 10 kpc and an extended flat tail up to 75 kpc. The maximum
value of the rotation velocity is Vior &2 250 km/s. After the flat tail we have a slowly
dropping part of the rotation curve almost up to 140 kpec.

In Figure 6 we show the density distribution of the last step, the rotational
velocity Viot — in Figure 7 and the velocity distribution V, (perpendicular to the
plane of forming a galaxy) — in Figure 8.

Due to the body of protogalaxy not being symmetrical and rotating differentialy,
the collapse process generates the “warp” force that distors the disk and produce
a spiral like structure. During the evolution this “warp” process generates an in-
teresting spiral shape of the gas in the protogalaxy, especially in the central region
(up to 20 kpc, see the Figure 5).

The model leads to the development of the triaxial central bar phenomenon.
The bar have typical dimensions around 5 kpc. The model also shows the extended
gas tail that have an essential inclination to the central disk. Therefore, we can
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P K

a

Figure 5 A more detail view of step 35 in model Bl. This step corresponds to ¢ & 0.89 x 10°
year. The diameter of the cell represented in the figure is 100 kpc.
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model Bl.

observe in this case a complicated internal and external motton. The central part
have a separate direction of rotation as compared with the external one forming a
galaxy.

The model T1. The next model is T1. This model have almost a bar-like
shape. The A = 100, B = 60 and C' = 50 kpc. The initial angular momentum
vector has two components, the Qg; = 0.5 - Qi and g, = 0.5 Q.. The initial
temperature of gas, as in the model B1, is Ty = 5 x 10° K. The initial density is
po = 0.023 cm~3. The initial distribution of the rotation velocity has a maximum
value Vior & 200 kmm/s.

The first step in Figure 2 corresponds to the t ~ 0.46 x 10° year. This step,
corresponds to the moment, when the collapse along the rotational axis is maximal.
In the figure we see a strong alongated bar in the collapsed disk. The rotational
velocity in the disk have a linear part (up to 30 kpc) and a wide flat one (the
value of Viot = 200 km/s). The velocity dispersion along the collapse axis has a
maximum value V, & 150 km/s. The density in disk has a maximum central value
pe ~ 0.8 cm™3,

The second step in Figure 2 corresponds to the t &~ 0.58 x 10° year. At this time,
we see the beginning of the process of generating a spiral perturbation in the central
part of a protogalaxy (up to = 20 kpc). The rotational velocity in the central disk
is almost linear, with the maximum value of Vot & 300 km/s near 20 kpc. The
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Figure 9 A more detail view of step 25 in model T1. This step corresponds to ¢ &% 0.66 x 10°
year. The diameter of the cell represented in the figure is 50 kpc.
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velocity dispersion along the collapse axis has a maximum value V, =~ 125 km/s.
The density in the central disk has a power distribution with the maximum central
value p, = 100 cm 3.

The third step in Figure 2 corresponds to the ¢ & 0.66 x 10° year. In this picture,
we see a very impressive triaxial spiral shape formation in the central region of a
protogalaxy. This spiral shape has parameters typical for spiral galaxies.

In Figure 9 we show a more detail view of step 25. The diameter of the cell
represented in the Figure 9 is 50 kpec.

The final state of this model corresponds to the t & 0.78 x 10° year. In this step
the central density has the value p. ~ 500 cm™3. In the central core the rotation
curve is linear and has a maximum value Vit = 300 km/s. In the external part
rotation curve is almost Keplerian.

Due to the initial rotation fields in this model being less than in the model B1,
the final configuration is more compact and dense.

This model shows a very impressive bar instability and spiral pattern generation.
The bar has dimensions, as in model B1, about 5 kpc. The spiral structure is very
impressive but evolves very quickly.

The model TT1. The model TT1 have the most common triaxial shape. The
A =100, B =75 and C = 50 kpc. The initial angular momentum vector has two
components, g, = 0.8 X Q¢ and g, = 0.8 X Qcir. The initial temperature of gas
is Ty = 1 x 10% K. The initial density is po &~ 0.018 cm™3. The initial distribution
of the rotation velocity has a maximum value Vi & 250 km/s.

The first step in Figure 3 is corresponds to the ¢ & 0.61 x 10° year, the second
step corresponds to the t & 0.80 x 10° year and the third step corresponds to the
t ~ 0.88 x 10° year.

In the Figure 10 we show a more detail view of step 35 in model TT1. This
step corresponds to ¢ & 0.95 x 10% year. The diameter of the cell represented in the
Figure 10 is 50 kpc.

The final state of the evolution, shown in the last step, corresponds to the
t =~ 1.07x10° year. In this step the central density has a value p, ~ 300 cm™3. In the
central core the rotation curve is linear and has a maximum value Vot = 300 km/s.
In external part the velocity distribution shows a slowly falling trend.

The model produces a very nice spiral system. Two spiral arm extend beyond
20 kpc (see Figure 10).

The model TT1A. The model TT1A has the same initial conditions as TT1 but
in this case we investigate an adiabatic evolution of a gas protogalaxy. The initial
temperature of the gas is Ty = 1 x 10* K.

The first step in Figure 4 corresponds to the ¢ &~ 0.66 x 10° year, the second
step corresponds to the t & 0.79 x 10° year and the third step corresponds to the
t ~ 0.99 x 10° year.

The final state of evolution corresponds to the ¢ & 1.61 x 10° year. In this step
the distribution of density is very flat and corresponds to the power law, with the
central density p. &2 0.2 cm™3. In the central core (up to 50 kpc) the rotation curve
is linear and has a maximum value V,.: =~ 200 km/s. In external part the velocity
distribution has a linear, slowly falling trend.
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Figure 10 A more detail view of step 35 in model TT1. This step corresponds to ¢ & 0.95 x 10?
year. The diameter of the cell represented in the figure is 50 kpc.
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Figure 11 A more detail view of step 54 in model TT1A. This step corresponds to t & 1.61 x 10°
year. The diameter of the cubic cell represented in the figure is 100 kpc.
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Figure 14 Temperature distribution T of step 54 in model TT1A.

In the Figure 11 we show a more detail view of the last step in model TT1A.
The diameter of the cubic cell represented in the Figure 11 is 100 kpc.

In Figure 12 we show the density distribution of the last step, the rotational
velocity Vier — in Figure 13 and the temperature distribution T — in Figure 14.

This model demonstrates an interesting mechanism of bulge formation. The
bulge has a triaxial form. It should be also noted that the kinematical properties
of the central and peripherial part of the protogalaxy are definitely different (see
Figure 11).

4 CONCLUSIONS

In this paper, we describe a qualitative result of the properties of early, pure gas
triaxial protogalaxies, which can be formed as a result of an isothermal or adiabatic
collapse. We model the initial state of a protogalaxy as a homogeneous triaxial
ellipsoid having an angular momentum arbitrarily oriented in space.

On the basis of the calculation model it follows that many interesting and com-
plex properties of galaxies (such as the triaxial central bar phenomenon and inclined
warp disk structures) may be explained using our suggestion about an initial triaxial
shape and angular momentum direction in the early protogalaxy.
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We may make several general conclusions about the early properties of forming
protogalaxies:

(1) In all cases the collapse in a triaxial model leads to forming a warp disk
structure and an internal bar.

(2) The dynamical evolution of the triaxial model generates a global spiral-like
structure. In the isothermal model a spiral pattern is more sophisticated and
long-lived.

(3) The adiabatic phase of the collapse is important for a bulge formation and its
parameters.

{(4) In the case of adiabatic models the kinematical properties of the core and
peripherial parts of protogalactic clouds are extremly different.
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