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Unlocking Galactic Mysteries:
Relativistic Insight into Orbital Hyper-Speeds
and Dark Matter in Gas-Rich Galactic-Halos

Tsutomu Kambe * & Masanori Hashiguchi °

ABSTRACT

This study is a novel approach to the cosmological issue of the dark matter effect observed in
gas-dominated galaxies in rotation. A possible physical mechanism is investigated to produce the
hyper orbital-speeds in outer halo parts of galaxies. In the galactic space, gas clouds are abundant.
Motion of the gas-clouds is viewed as a flow of a continuous fluid in curved space with gravity.
Dynamical motions of the space-fluid are studied by Fluid Dynamics extended to the one of a
relativistic gravitational field. The fluid flow to be studied in relativistic gravity field is reinforced
by the fluid gauge theory equipped with a background (dark) gauge field. The stress-energy tensor in
the general relativity is revised to take account of intrinsic nature of stress field by generalizing the
isotropic pressure to an anisotropic stress field. Present study takes a new double-sided approach
both dynamically and physically. Namely a gauge-field is newly incorporated in the system as a
dynamical term, and the system is studied under a new mechanism of the anisotropic stress fields.

Regarding the dark-matter effect, a strong evidence was found by McGaugh-Lelli-Schombert
(2016), that shows a correlation between the observed radial acceleration and the gravitational
acceleration predicted by observed baryon distribution within galaxies. Present study confirms the
same correlation, which is predicted by the theory of fluid dynamics. The excellent matching of
the theoretical prediction with the observation implies that the present approach has captured an
essential aspect of the Dark Matter effect. The theory predicts both of the stellar objects and gas
clouds in the galactic halos moving at hyper-speeds.

The dark matter effect is created by the action of the gauge field a. The gauge field is determined
by an equation in which the field a is excited by the current flux defined with the product of fluid
density p and fluid velocity v, and the degree of excitation of a is controlled by a field parameter
pur. It is found by numerical study that a dimensionless index parameter x «x ur/G plays a key
role (G the gravity constant) to create sufficiently strong gauge field a which produces the hyper
orbital-speeds in galactic halos. Thus the galactic inner space is connected smoothly to the outer

space, based on the physics.

[. [NTRODUCTION

In the outer halo parts of most galaxies exist gas clouds
abundantly. Although stars are very sparse there, the
halo is dominated by rarely observable gas-clouds. Ac-
tually, considerable portion of total mass of the galaxy
exists there. In addition, speeds of their orbital motion
are very high of the order of 200 ~ 300 km- s~!, and
the gas clouds distribute over huge spatial scales. The
dynamical motion of such space-fluids is likely governed
by a new mechanism. Study of the motion and dynam-
ics of such an exotic fluid should be approached in an
innovative way.

Recently, McGaugh et al. [1] discovered a notable
dynamical and mathematical facet of rotationally sup-
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ported galaxies, on the basis of their observational stud-
ies on hundreds of galaxies with different morphology,
masses, sizes and gas fractions, They found a universal
law, implying that the rotational motions of disk galax-
ies are determined entirely (in a statistical sense) by the
baryonic (hence visible) matters in the galaxies, even if
the disks are filled with unknown dark matters. This
hints strong connection between the observable baryonic
matters and the physics producing the galactic orbital
motions.

Let us take a typical galaxy supported by rotation.
From the orbital velocity V(R) observed at a distance R
from the galactic center, its centripetal acceleration A,
(radial acceleration to the galactic center) is given by

A.=V?/R. (1)

On the other hand, the gravitational potential ®, is esti-
mated by the Poisson equation for ®,: V2<I>g = 47G ppar,
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once the baryonic mass density ppa, is given as a function
of position from observation of the galaxy. Using the po-
tential ®, found from the equation, the absolute value of
gravitational acceleration A, is given by

Ag = |0%,y/OR|. (2)

toward the gravity center. McGaugh et al. [1] succeeded
in extracting a fitting curve from observations which con-
nects average values of A, and A, expressed as

where A; ~ 1.20 x 10719 ms™2.

The functional relation (3) implies strong connection
between the baryonic gravity acceleration A, and the
physics that generates the observed A.. Observations
show A, > A, in general, leading to the following Apn:

A, — Ag = Apum (> 0) (4)

Non-zero Apy is regarded as the dark matter effect.

In the solar system, a rough estimate for the Earth (at
R = lau from Sun) or the Neptune gives, respectively,
AV~ 6 x107%ms™2, or A ~ 6 x 107°ms~2. Both
are much larger than A;, implying A, ~ A, in the solar
system. However, further outward, the Oort clouds are
known and thought to occupy a vast space somewhere
between the distance of order 10® au from the Sun to
as far out as 50 x 10% au (0.79 ly) or even further out.
At a representative position Ro = 0.9 x 10%au within
the Oort cloud, one estimates A ~ 1.2 x 107 ms~?
which is smaller than A; by 107!, The curve (3) predicts
significant deviation of A, from A, there, and a dark
matter effect is expected present in case of galactic halos.

The present paper is an effort to clarify how the term
Ap is accounted for with a physical mechanism.

II.  TuLrLy-FISCHER LAW, IMPLIED BY THE
FITTING CURVE

The rotation curve V(R) of galactic orbital motion
keeps high values at large distances R from the gravity
center and becomes nearly flat instead of falling. This
was recognized as early as the 1950s [2]. Later, it was
updated from observation by the law, Tully-Fischer re-
lation [3]: Mpar o (vg)P with p = 3.5 ~ 4, even in the
case of presence of dark matter, where My, is the total
baryonic mass of the galaxy and vy the hydrogen atomic
velocity at outer halo part of a galaxy. Observed values
of vy are very high, of the order of 200 ~ 300 km- s~!.

The law (3) says how the centripetal acceleration A, is
related to the gravitational acceleration A,. Looking at
the lower end of the A, value, the behavior of the curve
is found to be consistent with the Tully-Fischer relation.
Assuming |A,/A;| < 1, its right-hand side is given ap-
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proximately by (4, A;)'/2. Using A. = (vg)?/R and
Ay < Mya,/R? as R™1 — 0, the fitting curve (3) implies
Myar < (vgr)*, consistent with the Tully-Fischer relation.
Mysteriously, the gas velocity vy at the outer halo is de-
termined by the magnitude of whole baryonic mass My,
only. It appears that internal detailed distribution of lu-
minous masses does not influence on the global dynamics
determining vy . The Hydrogen atoms seem to be telling
a mystery from the cosmic space.

[1I.  THEORY

To investigate such an exotic space fluid, the physical
approach to be taken should be innovative. Observed
speeds of gas clouds in the galaxy halos are very high,
and the space fluids are distributed over a huge spatial
scales of tens of kpc where the space is slightly curved
under the gravity. The motion and dynamics of such a
fluid should be studied with a renewed approach.

a) Gravity-space Fluid Dynamics and equations

Theory of fluid mechanics in flat space is extended to
that in curved space with gravity. At the same time the
flow filed is strengthened by a new theory [4], which ex-
tends the isotropic pressure field to general anisotropic
stress field. This extension is carried out by incorporat-
ing the fluid gauge theory (FGT in short, summarized in
Appendix A). This theory reinforces the flow fields by
introducing a background gauge field a,, (v =0,1,2,3, by
4-d spacetime notation). The field a, is dark since it is
a background field. The flow field is strengthened in two
aspects. The gauge field not only ensures the mass con-
servation of fluid flows [5], but also assists the flow field to
become receptive to more complex fields. This is enabled
by the transition of its stress field oj, from the simple
isotropic pressure pd;j valid in quiet states of slow motion
to more general anisotropic stress field M functioning
in turbulent flow states. See the note [6] for its explana-
tion by analogy. No energy dissipation is caused by the
addition of the gauge field within the combined system
of flow field and gauge field (see Kambe [5], §5). This im-
provement enables appropriate description for turbulent
high-speed motions within galactic halo space.

Weak field form of equation of motion: Following the
scenario of general relativity faithfully, the recent study
[7] has succeeded in deriving the equations of Gravity-
space Fluid Dynamics by incorporating the FGT terms
into the equation of fluid motion in curved space.

Its weak field form is represented by

pViv=—-VP+pe+p(vxb), (5)

Viv =Dw + Vo, = v + (v-V)v+ Vd,, (6)

(from §5 of Kambe [7]), where V,v denotes the relativis-
tic covariant derivative of the fluid velocity v with re-
spect to time t in the curved space of gravity field ®,,



and Dy = 0, +v -V with V = (9;), i = 1,2,3. See the
note [8] for the significance of the terms (v-V)v and V&,
of the last expression of (6).

Using the 3-space notation @ = (a1, a9,as), the 4-
gauge-field a, is rewritten in the form (¢, a). Then we
introduce new 3-vectors, b and e, by

b=Vxa, e = —0ia— Vo, (7)

where b and e constitute a pair of fluid Maxwell fields:
fluid magnetic vector b and electric vector e.

On the right-hand side of (5), the term VP is expressed
by p Vh in dissipation-free motions [9]. Substituting the
relation VP = pVh on the right-hand side of (5), it is
seen that all the terms of (5) are multiplied by the density
p. Hence, the factor p can be eliminated at all the terms
in (5). Using (6), the equation (5) reduces to

Dyv +Vd, = —dia+ v x b, (8)

where &, = ®, + h + ¢,, with Vh and V¢, absorbed to
the gravity term V®, as negligibly small contributions.
The last term v x b of (8) is the fluid Lorentz-force de-
duced from the anisotropic stress field M, (analogous to
the electromagnetic Maxwell stress).

Note that the equation (8) represents a balance among
four different kinds of acceleration. The advantage of
such representation will be utilized in the present inves-
tigation of the dark matter issue below. In fact, the study
of McGaugh et al. [1] is presented with this approach, i.e.
a balance relation among different kinds of acceleration.

b) Dynamical balance within a disk galaxy

Let us consider a particular disk-galaxy, which is rotat-
ing around the center in steady-state, so we have d;v = 0
in (6) and d;a = 0 in (8). The galaxy is keeping its az-
isymmetric form and represented with cylindrical polar
coordinates (Z, R, ¢), where the plane Z = 0 coincides
with the disk and described with the polar coordinates
(R,®). The galaxy center is at R = 0. Here we as-
sume that its rotating motion is represented by the fol-
lowing particular axisymmetric fields: v = (0,0, V(R))
and a = (0,0, A(R)).

The radial component of Dyv in (8) is given by
(Dw)r = ((v-V)v)gr = —V?/R. For steady axisym-
metric motion, the radial component of the equation (8)
is now expressed with three terms on the plane Z = 0:

~V?/R + 0r®y = (v X b)g, )

which represents balance among the three main terms:
centripetal acceleration —V?2/R, gravitational accelera-
tion —0r®,, and the Lorentz acceleration (v x b)g, all
toward the center, where the variables are governed by:

V20, = 471G p, (10)
(v x b)g = Vby = VR ' dr(RA), (11)

Vxb=purpv, b=V xa. (12)

Note that a field parameter pp is introduced in (12).
We will see below that it plays an important role in the
galaxy dynamics. It is of significance to recognize that
the equation (9) expresses the same relation as the equa-
tion (4) if the signatures of all three terms are reversed.
Namely, the equation (9) is just another expression of the
equation A, — A, = Apwm of (4).

This recognition encourages to define the background
gauge field term Agr = |(v X b)g| as the agent which
bridges the observational gap between A, and A,. Thus
we find the following expression:

(vxb)r (<0), Apr=|(v XDb)g|, (13)

predicting that the representation (13) fills the gap be-
tween the two observational values A. = V?2/R and
Ay, =0,/0R)|.

What is implied by (13) has a profound significance.
In fact it is astonishing. Firstly, the following section
IV will present the evidence that the above formulation
is successful and show that the curve (3) obtained from
observations can be reproduced by the present theory.
Namely, the theory predicts bridging of the observational
gap between A, and A,. This alone is innovative enough.
However, another point to be given later is much more
fundamental from the physics point of view (see §V).

[V. COMPARISON BETWEEN OBSERVATION AND
THEORY

Now we have arrived at the stage of comparison
between the observational triplet [A., Ay, Apm] esti-
mated by the curve (3) and the new theoretical triplet
[Aobs, Agrav, ABr] estimated according to the present for-
mulation, where

Ae = Aops = V?/R, (14)

Agrav = |aRcI)g|; ABF = ‘VR_l 8R\II|7 (15)

where ¥ = RA. See (11) for the last term App.

The computation starts from the initial condition that
the rotation curve V' = V(R) is given by the observations,
on every galaxy investigated. Hence we have A. = Agps.
See §V D for the details of computation.

Regarding the numerical estimations, four sample
galaxies are chosen: NGC3198, NGC7814, NGC6503 and
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NGC3741. The first NGC3198 is an example galaxy to
show how the comparisons are carried out. Remaining
three are chosen as representative galaxies to show dif-
ferent structure and morphology. Present numerical esti-
mates will disclose amazing dynamical features of galax-
ies and the function of fluids in galactic space.

Theoretical base of the comparison is the equation (9)
derived from the Gravity-space Fluid Dynamics (5).

a) Anexample galaxy NGC3198 and its MLS-plot

The NGC 3198 (Figur 1) is a barred spiral galaxy in
the constellation Ursa Major approximately 47 million
light years away. NGC 3198 is located in the Leo Spur,
which is part of the Virgo Supercluster,

Figure 2 shows the rotation velocity of the galaxy NGC
3198 along the radial distance R (kpc) from its center (1
kpc= 3.1 x 10'm). The curve marked with d is the one
of observed velocity (km/s), while the curve f denotes
the velocity obtained from the computed gravitational
potential ®,(R), and the curve e denotes the velocity
estimated theoretically from the fluid Lorentz accelera-
tion |(v x b)gr| = VR |0r(RA)| from (11). The last
was derived from the anisotropic stress term through the
background gauge field a = (0,0, A(R)). It is seen in the

Fig. 1: Galaxy NGC3198 (GALEX image, NASA)

diagram that the curve e tends to the observed velocity
d as R approaching to 32 kpc. This is what is currently
known as the dark matter effect. However, the present
theory captures it by the term |(v x b)g|.

Successful aspect of the present study can be seen
in the diagram of Figure 3, where the data points
(Agrav, Aobs) computed from NGC3198 (Fig.2) are given
with the blue points of ¢. The points ¢ overlap quite well
with the curve a, although certain minor undulation is
seen relative to the curve a. The undulation may signal
that the parameter pp of (12) is not a strict constant but
a scalar function depending slightly on domains.

Present agreement between astronomical observation
and theoretical analysis is really notable. In fact, the fit-
ting curve A, = F(Ay) of (3) was found by McGaugh,
Lelli & Schombert [1] from observational data. They ex-
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Fig. 2: NGC3198: Distributions of rotation velocities with
respect to R with the unit kpc= 3.1 x 10'°m, where d is
the observed velocity Vg, while e and f are velocities V. and
V} respectively estimated theoretically from Ve = R Agr
(from fluid Lorentz acceleration) and Vy = /R Agrayv (from
gravitaional acceleration). It is seen: VEiaV.2+ Vfg.
The velocity data were obtained with x = 7.5 x 10°.

o NGU3198
-8f k = 7.5 x 108

-10}

log o(A) (ms™)

Fig. 3:  MLS-plot (the lines a and b), overlapped with the blue
data points ¢ of Galaxy NGC3198. The ordinate is log,,(A.),
and the abscissa log,,(Ag) with the unit m/s? for both Aops =
Ac and Agrav = Ag.  Curve a: Ac = F(Ay) of (3); Line b:
A. = Ag; Blue data points ¢: R = [1,30] kpc with the right
end at R = lkpc and the left end at R = 30kpc.

tracted the curve from a set of about two hundred. Hence
the diagram plot of (Ag, Ac) such as Fig.3 is called the
" MLS-plot” in the present paper. An equivalent fitting
curve was confirmed by Sofue [10] (and private communi-
cation) from the observation data of about five hundred
of galaxies .

The agreement between observation and theory tells
that a new physics is working by the action of the back-
ground gauge field a, which is excited by the high-speed
current field pv of the space fluid. Typical magnitudes
of the velocity |v| are observed to take values of order
10% km/sec at most halos of galaxies.

b) Three Representative types of Galaxies

Three sample galaxies are examined here: NGC7814,
NGC6503 and NGC3741, representing different structure
and morphology: Bulge-dominated, Disk-dominated, and
Gas-dominated (according to [1]). Present numerical es-
timates will in fact show that the three galaxies are char-
acterized with different values of the dimensionless index
parameter k£ defined by the equation (29).



In §VE given below, it is seen that a dimensionless
parameter k «x up/G plays a role of an index character-
izing relative importance of the fluid current flux pv to
the gravity effect Or®,.

(I) NGC7814 (Bulge-dominated spiral) :

NGC7814 (Figure 4) is a spiral galaxy about 40 mil-
lion light-years away in the constellation Pegasus. It has
a bright central bulge and a bright halo of glowing gas
extending outwards into space. (Also known as the lit-
tle sombrero.) The cloud-rich spiral arms appear as dark
streaks. They consist of gas clouds that absorb and block
light from the galactic disk behind it. The view of this
NASA/ESA HST image would be impressive even with-
out NGC 7814 in front; nearly all the objects seen in this
image are galaxies as well.

Fig. 4. Galaxy NGC7814: The galaxy is seen edge-on
(NASA/ESA Hubble Space Telescope image).

To compare with the observed finding represented by
the fitting curve (3), computational study has been car-
ried out on this galaxy by using the system of equations
(9) and (10) ~ (12). The results are given by a pair of dia-
grams, one analogous to Fig.3 of MLS-plot and the other
analogous to Fig.2 for velocity curves. Those are shown
in the Figure 7 by the leftmost diagrams of both upper
and lower arrays (rows) noted with NGC7814 where the
parameter k£ was 1.5 x 10°.

Remarkably, the data points ¢ of Galaxy NGC7814
overlap quite well with the fitting curve a, amazingly,
the range of R examined being [8,20] (kpc).

(IT) NGC6503 (Disk-dominated spiral):

The galaxy NGC 6503 (Figure 5) lies about 18 million
light-years away at the edge of an empty patch of space
called the Local Void. The dwarf galaxy spans 30,000
light-years and lies in the constellation of the Dragon.

To compare with the curve (3), a computational study
was carried out by using the system of equations (9) ~
(12). The results are given by a pair of diagrams, shown
in the Figure 7 by the central diagrams of both upper

and lower arrays (rows) noted with NGC6503 where the
parameter £ was 1.9 x 107 which is larger than the pre-
vious value of NGC7814.

Agreement with the fitting curve a is excellent, the
range of R examined being [8,22] (kpc).

(IIT) NGC3741 (Gas-dominated faint-spiral):

The NGC 3741 (Figure 6) is an unusual galaxy in sev-
eral aspects. It has a disk of neutral hydrogen (HI) that
is extremely wide, extending some 23,000 light-years (7
kpc). NGC 3741 is a galaxy in the constellation Ursa Ma-
jor, located at a distance of about 10 million light-years
(3.2 Mpc). It is relatively undisturbed by other galaxies.
The disk is symmetrically warped. Since a mass-to-light
ratio is Mp/Lp ~ 149, it is considered to be highly rich

in dark matter (dark space clouds).

Fig. 5:  Galaxy NGC6503: Its swirling spiral arms are dis-
played by HST Advanced Camera for Surveys, where bright
(red) regions of gas are seen scattered through its spiral
arms and bright (blue) regions contain stars that are forming.
Dark brown dust areas are in the galaxy’s arms and center.
(NASA/ESA Hubble Space Telescope image).

Fig. 6:  Galaxy NGC3741: Speckling of stars extending to
the upper left and lower right of this galaxy are seen faintly
(not clearly in this print). It is tempting to call them spiral
arms or attempting at spiral arms. (Hubble Space Telescope
image, Wikipedia "NGC 37417)

A computational study was done and compared with
the fitting curve. The results are given by a pair of dia-
grams, shown in Figure 7 by the rightmost diagrams of
both upper and lower arrays (rows) noted with NGC3741
where the parameter x was 3.7 x 108 which is larger than
the previous values of NGC7814 and NGC6503.

The left part of the data points ¢ overlap with the
fitting curve a, while the right part tends to the line b
(where A, = A;). The range of R examined is [1, 6]
(kpc). The left end corresponds to the outer part R =
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6 (kpc), while the right part tends to the inner part.
The right part implies that the inner part of the galaxy
NGC3741 deviates from standard galaxies, hinting that
NGC3741 may be an immature galaxy.

All the planets of the Solar system drop on the line b
(i.e. Ac = Ay). Hence, no dark matter issue has been
raised in the Solar system.

o NGC7814
x = 1.5 x 10°

logo(Ac) (ms™)
=S

logjo(Ao) (ms™?)
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b
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Following subsection C. summarises the above three
galaxies, concerning what is implied by the difference of
the index parameter value k.
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Upper Diagrams: The MLS-plot for NGC7814, NGC 6503, and NGC3741 from the left, where the curves labeled with

a and b are the same as those of Fig.3, while the curves ¢ denote the data points corresponding to each galaxy of the diagram.

Lower Diagrams: Distributions of rotation velocities vs. the radial distance R, where the label d denotes the observed
velocity Vg, while the label e denotes the velocity V. estimated from Ve = v/R Apm (from the fluid Lorentz acceleration) as of
Fig.2, and the label g denotes the velocity V; given by McGaugh et al. [1] as the baryonic mass model. Tt is seen: V,? ~ V.2 +Vg2.
The numerical data of the present work were obtained with x = 1.5 x 10° (NGC7814), 1.9 x 10”7 (NGC6503) and 3.7 x 108

(NGC3741).

c) Whatis Implied from Three Types of Morphology

The three galaxies NGC7814, NGC6503 and NGC3741
examined in the previous B were chosen by the difference
of morphology and structure gained from astronomical
observations. By the present computation analyses, it
is remarkable to find that the difference is evidenced by
numerical values of a dimensionless parameter « defined
in the next §V. Namely, as given in the Table I, the three
galaxies are characterized in the order of magnitude of x:
0O(10°) for NGC7814 (a bulge-dominated spiral); O(107)
for NGC6503 (a disk-dominated spiral), and O(10%) for
NGC3741 (gas-dominated faint-spiral).

Table 1: Dimensionless parameter x = ¢ ur /471G
characterizing galaxies

| NGC7814 NGC6503 NGC3741| NGC3198
K . 15x10° 1.9x 107 3.7><108. 7.5 x 10°
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V. DETAILS OF THEORY & COMPUTATION

a) How the Gauge Field is Excited

The mathematical advantage of the present theory is
the equation (9) giving the term Apy the expression
—(v x b) g explicitly where the term b =V x a depends
on the FGT gauge field a. By the equation (12), the
field a is determined by V x (V x a) = prpv, where
the right-hand source term depends on the fluid current
density Jp = pv. In addition, the forcing is controlled
by the parameter pp. This is an innovative point.

b) Significance of the Theory

Present fluid gauge theory for a perfect fluid represents
a broader class of flow fields than the current Eulerian
field by incorporating the background field a, and covers
a broader family of flow fields of a perfect fluid.

In the presence of the gauge field a, the governing
equation was given by (8), which is rewritten here again,

Dw 4V, = —da+vxb, (=F,). (16)

Note that this includes the Lorentz-type acceleration v x



b in fluid flows which is neutral electrically. The role of
charge density is played by the mass density p here.

¢) Fluid Lorentz Acceleration v X b

The equation (16) shows that the fluid Lorentz accel-
eration v X b depends on the velocity v, acting perpen-
dicularly to the 3-vector v. This is contrasted with the
gravity acceleration which is directed to the gradient of a
scalar potential function ®, (but the direction reversed).
In this sense, the action of v x b is twisted to the per-
pendicular direction, unlike the parallel action of V&,.

It is helpful to remember the case of Kundt-tube ex-
periment [7, 11] to get an insight into the action of the
gauge field a. ” The gauge field within the Kundt-tube
is not wvisible, yet creates visible dust-striations mechan-
tcally”. This insight applies analogously not only to the
present gauge field a, but also to the gravitational po-
tential ®, as well. The gauge field a (the gravitational
potential ®,) is not visible, yet the action of v x b (of
V®,) creates a visible dynamical effect.

In addition, the acceleration f, on the right-hand side
depends on the time derivative d;a and rotational term
b =V xa. Hence the fa would become significant in tur-
bulent flow fields that are time-dependent and rotational.
The fluid acceleration —V(h + ¢,) + f, (in addition to
the gravity acceleration —V®,) is regarded as a general-
ization of the pressure force —Vp,

d) Computation Scheme of the Present Study

When we try to study the physics and dynamics of
galaxy rotations, reliable astronomical laws or equations
are not so many. Fortunately, we have two laws, which
can be used in the present study of galaxy rotation and
dark matter issue. In addition nowadays, rotation curves
V = V(R) are available for hundreds of galaxies (e.g.
McGaugh et al. [1], Sofue [10]). In our study under
the assumption of steady rotation of axisymmetric galax-
ies, the velocity v and gauge field a are represented by
v = (0,0,V(R)) and a = (0,0, A(R)) respectively in the
cylindrical polar coordinates (Z, R, ¢).

The computation scheme is summarized here with the
following ten items: (a) ~ (j).

(a) The first one is the MLS-plot and the associated
fitting curve (3) cited here again as

797 17
1— e~ VAd/As (17)

which was extracted as a mean curve from extensive ob-
servational data acquired by McGaugh et al. [1].

(b) Second one is the equation (9) representing the dy-
namical balance of a rotating disk of a galaxy in axisym-
metric steady state (Kambe [7]), which is the balance of
radial accelerations to the center on the disk Z = 0:

~V2/R+ 0r®, = (V/R) OrY, (18)

where (11) is used on the right-hand side with ¥ = RA.

(c) Third one is the given rotation curve of each galaxy:

V=V(R), (19)
([1], [10], [12]). The observed curve V(R) gives the initial
condition to start the computation. Hence, the first term
V(R)?/R of (18) is known for subsequent computations.

(d) Fourth: The equation (18) includes two field vari-
ables ®, and ¥ = RA, governed by (10) and (12):

V2@, = R™'Or(ROR®,) + 050, = 47Gp, (20)

Or(R7YORY) + RTYOLY = —uppV, (21)

where the left-hand side of (21) is equal to —(V X b)y.
Regarding (V x b)y, see the note [13].

(e) Fifth: Density distribution p(Z, R) is assumed to
decay rapidly to the Z-direction normal to the disk plane
Z = 0. For simplicity, the density is defined with an
exponential Z-factor as

p(R,Z) = ha(Z) p+(R),  hn(Z) = exp[=(Z/A)"], (22)

where A is a scale-constant, and n = 4 was chosen since
this worked better than n = 2 [14].

(f) Sixth: Other field variables are represented by using
the normal distribution (22) as

®y(Z,R) = ha(2) ®+(R), Vy(Z, R = ha(Z) V.(R),
¢-current flux: J(Z,R) = pV = ha(Z) p.(R)V(R), (23)

on account of the linearity of the differential operators
on the left-hand side of (20) and (21).

Owing to the normal function h4(Z), the terms 0%®,
and 0%V vanish on the disk plane Z = 0 (Appendix B).
Hence the system of equations of (20) and (21) reduces
to the one-dimensional problem with respect to R, since
the factor hy(Z) can be eliminated from the system.

Selecting a galaxy for the target of analysis, the above
system of equations (17) ~ (23) are solved numerically.

(g) Boundary conditions: First, the radial section of
R is chosen: [Ry, Rs] with Ry < Rs.

Since the present study is interested in investigating
the halo, the Rs-value is chosen within the halo. Then
we have Vo = V(Ry) from (19) and A.(Rs) = V4?/Rs.
The last yields A,(Ry) = F~'[A.(Ry)] from (17). Then
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YE@R\I’

- (—AC(R2)+Ag(Rz)) (R2/V2)

. (24)

Ro Ra

from (18). Arbitrariness of ¥ is fixed by ¥(R;) = 0.

(h) Preparation of dimensionless equation for
computation: The equations (20) and (21) are solved
on the disk plane Z = 0, under the conditions (18) and
(19) and also with 02®, = 0 and 92V = 0.

By the help of the equation (18), the system of equa-
tions (20) and (21) are reduced to a single equation. To
derive it, consider (20) and (18):

4nGp. = R 'Or(R Ord,), (25)
Or®, = (V/R) Op¥ + V?/R. (26)

Eliminating the term dr®, between (25) and (26),
47G py = R™1Op(V ORY + V?). (27)

The left-hand side of (27) represents the source of gravity
S¢ = 47Gp.(R), while the right-hand side of (21) repre-
sents the strength S;, = pupp. RV exciting the potential
U (equivalently the fluid Lorentz force). Eliminating p.
between (27) and (21):

ROR(R™\ORT) = — = V(R) p(V OrT + V). (28)

2
k=L 2. dimension-less. (29)
4G
Introducing dimension-less variables V. = V/¢, R, =

R/L, and ¥, = ¥/(cL) with L a scale of the galaxy.
the equation (28) is converted to a dimensionless form:

R.Or. (R;'0R,V,) = —k V. Or, (Vi Or. V. +V2). (30)

This is a second order (ordinary) differential equation
with the dimension-less parameter k.

This equation describes the mechanism of how the
gauge potential W, is excited by the rotation velocity
Vi (R) of the galaxy. The degree of excitation is controlled
by the dimension-less parameter k = ¢* (up/47G), pro-
portional to the ratio pr/G, signifying relative strength
of two excitations with up denoting excitation by current
flux pV (see (21)) and G the symbol of gravity excitation.

(i) Finite element algorithm: The equation(30) is
solved by the finite-element method, choosing an appro-
priate value for the parameter k, with the given function
V(R) of (19) and under the boundary conditions:

R R
U,=0at R, = —%; 9p. U, =Y, at R, = —=2,

L’ L (31)

For the derivative OV, see (24).
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From the equation (15), we find Agr = |VR™! 9r ¥/,
and from (9), Agrav = |Or®,| = V?/R — Agp. The di-
agram of MLS-plot will give Apy when the abscissa is
chosen at A,. Setting A, with the computed value Agrav,
one must compare the diagram value Apy; with the com-
puted value Agp.

(j) Iterative solving, and final outcomes: If those
two do not match, the index-parameter x must be cor-
rected to a new better value, and another try of com-
putation must be done to find a better matching value.
Iterative computation must be repeated until satisfactory
matching is obtained between the computed curve (Aops
vS. Agrav) and the curve (A. vs. Ay) of (3).

Thus, the triplet [Aobs, Agrav, Apr| of theoretical com-
putation has been found for the four galaxies examined.

Those are plotted in the diagram MLS-plot of Figures 3
and 7 by the data points marked with ¢. Matching with
the curve (3) marked with a is remarkable.

The case of NGC3741 of Fig.7 must be given an ad-
ditional remark. The data points ¢ in the diagram at
the upper right of Fig.7 tend to deflect from the curve a
toward the line b of A, = A, at its right end. The right
direction of the abscissa corresponds to larger values of
Ay, which means the inner direction within the galaxy.
In the inner part, the gravity effect tends to dominate
the gauge field effect. Recall that in the solar-planetary
system, the relationship A. = A, is almost satisfied.

e) Parameter £ as a Characterizing Index

It is found from the present numerical analyses that
each galaxy is characterized by different values of the
dimensionless index parameter x = ¢ up /47G (Table I).
In §IV B, we have seen three different types of galaxies:

a: 7814 (Bulge-dominated): k = O(10%), V; ~ 230%2;

b: 6503 (Disk-dominated): O(107), Vj ~ 120k,

c: 3741 (Gas-dominated): O(10%), Vi~ 50k,
It is remarkable to find that the parameter x increases by
ten times from the top Bulge-dominated spiral galaxy, to
the middle Disk-dominated spiral and another ten to the
bottom Gas-dominated faint-spiral. This fact may imply
that the index x denotes the degree of the amount of
gas-content or the degree of relative contribution of the
rotational current of the gas component to the gravity
effect within the galaxy.

Another aspect is the following. The right-hand side
of (30) implies for the halos (where ¢V is approximately
a constant 14,) that the product xV;? is approximated
with a constant. This means V}, « 1/4/k, decreasing as
Kk increases, as seen in the above list of (a, b, c).

It is noted that the dimensionless parameter x is pro-
portional to the ratio ppc/(4wG). This ratio signifies
relative importance of the fluid current effect (upv) p of
(21) to the gravity effect (47G) p of (20).



VI. CONCLUSION

This study is a novel approach to the cosmological is-
sue of the dark matter effect observed in rotating galax-
ies, investigating a possible physical mechanism produc-
ing hyper orbital speeds in outer halo parts of galax-
ies. In cosmic space, it is crucial to recognize firstly that
gas clouds are abundant and free to move in galactic
and inter-galactic spaces. Structure and morphology of
galaxies are diverse in regard to the relative amount of
dark gas-clouds to that of shining stellar objects. Usu-
ally, galaxy forms are classified as Disk-dominated spiral,
Gas-dominated faint spiral, or Bulge-dominated spiral.

Motion of the space-clouds is viewed as a flow of con-
tinuous fluid in curved space with gravity. Dynamical
motions of the space-fluid of rotating galaxies are inves-
tigated by extending Fluid Dynamics to that in the frame
of general relativity. The fluid flow, which is extended to
the space of relativistic field, is reinforced by the fluid
gauge theory equipped with a background (dark) gauge
field conditioning the current continuity. The Gravity-
space Fluid Dynamics thus developed captures the main
feature of the dark-matter effect as the action of the
gauge field on the motion of space fluids. In the present
formulation, the stress-energy tensor in the general rela-
tivity is revised to take account of the general nature of
the stress field by extending the isotropic pressure to an
anisotropic stress field.

Regarding the dark-matter effect, McGaugh-Lelli-
Schombert (2016) [1] found a strong evidence, that shows
existence of a functional correlation between the o0b-
served centripetal radial-acceleration and the gravita-
tional acceleration predicted by observed baryon distri-
bution within galaxy. This implies that the dark matter
contribution is specified by the baryon distribution. But
their inter-connection is mysteriously twisted between
the visible matters and the physics producing the rota-
tional motion. Present theory describes this aspect suc-
cessfully and gives an explicit mathematical expression
to the acceleration attributed to the dark-matter effect.

The present study takes a new double-sided approach
both dynamically and physically: namely incorporating a
new dynamical field of dark gauge-field a and attacking
the system with a new physics using anisotropic stress
fields. The dark matter effect is created by the action
of the gauge field a. The gauge field is determined by
an equation in which the field a is excited by the cur-
rent flux pv. The enhanced acceleration attributed to
the dark-matter effect is given by that of fluid Lorentz
force (v x b)g toward the gravity center. Namely, the
rotating current flux pv in the azimuthal direction cre-
ates the centripetal acceleration toward the center. The
mechanism is twisting.

It is a central point in the present study that the me-
chanical balance equation (9), —V?/R+0r®, = (vxb)g
of the galaxy dynamics, is just another expression of the
equation (4) with the sign reversed: —A. + Ay = —Apwm
of the MLS-plot. In addition, the computations accord-
ing to (10) ~ (12) give the results perfectly matching the

fitting curve (3) of observations. Note that the present
theoretical study is based on the Gravity-space Fluid Dy-
namics, developed by Kambe [7].

The MLS-plot found by McGaugh et al. [1] is inter-
preted in the section IV A with adding the data gained
by the present study, which is shown by Fig. 3. The suc-
cessful matching of the present theory (9) with the ob-
servation relation (4) implies that the present approach
has captured an essential aspect of the Dark Matter ef-
fect, represented diagramatically by the MLS-plot and
expressed mathematically by the fitting curve (3). Note
that both of the plot and curve were extracted from the
data of hundreds of rotationally supported galaxies.

Agreement between the astronomical data and the
physics data deduced from the present theory is excel-
lent. This agreement implies that the space clouds exist
abundantly in the galactic halo space and their amount is
sufficient for the effective action of the fluid gauge field.

It is found from the present numerical analyses that
each galaxy supported rotationally is characterized with
different values of a dimensionless index parameter, k =
cur/(47Q). From the right-hand side of (30), it is seen
that the orbital velocity Vi, (= ¢V;) in the halo increases
inversely to the magnitude of k. In addition, since k¥
ur/G, this ratio signifies relative importance of the fluid
current effect (upv)p to the gravity effect (47G)p, as
noted in §V E.

The galactic inner space is connected continuously to
the deep-outer space by the mechanical help of the fluid
gauge field, without presence of dark matters.
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Appendix A: Fluid Gauge Theory (FGT) in Flat Space,
Summarized

According to the relativistic FGT theory ([4], or §2
& §5 of [7]) in flat Lorentzian space, the fluid system
is described by the total Lagrangian £¥¢T consisting of
three components, LT = Lo + Line + Lap:

Len = —¢ (¢ +€(p)) b, (A1)
Ling = Ciljy ay , (A2)
Lar = —(4pe) 1 fox, (A3)

fox = 0vax — Oray, P=pV/1-p?% (A4)
where the overlined values denote proper values and the
Lagrangian Lgr includes a free parameter p to be fixed

later (Section V):
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The frst Lagrangian gy describes a perfect fuid
in motion with 4-current mass flux j¥ = pv” with v¥ =
(c,v!,v% v3), and the third Lgr describes an action of
a background gauge field a, so as to ensure the fluid
motion to satisfy mass conservation (to be shown later),
while the middle L;,; describes their mutual interaction

between j¥ and the gauge-field a,.

FEquations governing the system:

Variational principle is applied to LFST to derive gov-

erning equations. The equation of motion is deduced as

thvk - _akp+pfkuvu7 (k: 1a2»3) (A5)

in the non-relativistic limit as 8 = |v|/c — 0. This is

the Euler’s equation with the additional term p fx, v* on

the right hand side. The first term —0p came from the
1

isotropic pressure stress o;, = —p 0jk. The second is a

new term that came from the anisotropic stress ojf“)f to
be given below.

The equation governing the gauge field a, is derived
from the variational principle as

9

oz (AG)

fy)\:MFjua jV:(PCaP'U)7
[4], where p of (A3) is a control parameter, hence re-
defined here as pp, which controls the degree of mutual
interaction between the current j¥ and the field strength
tensor f¥* of the background gauge field.

Thus it is seen that the fluid gauge theory represents
a broader class of flow fields than the current Eulerian
field. By the help of the background field a”, the system
covers a wider family of flow fields of a perfect fluid (an
inviscid fluid). In the presence of the gauge field a”, the
governing equation is given by (A5)

The equation (A5) can be transformed to very illu-
minating form, represented with an equivalent 3-vector
form as follows:

pDiwv=—-Vp+pf,., (A7)

fo=vxbt+e=vxb—V¢—0a. (A8
Note that this includes the Lorentz-type force f, in fluid-
flow field which is neutral electrically. The role of charge
density in the electromagnetism is played here by the
mass density p.

Significance of fluid Lorentz acceleration f,

Significance of f, is interpreted from two aspects.
Firstly, as seen in (A8), the acceleration f, is apparently
independent of the mass density p although the b-field
is controlled by j = pv from (A12). The f, instead de-
pends on the velocity v unlike the gravity acceleration,
as seen from (9) and (10). In addition, it depends on the
time derivative 0;a and rotational term V x a. Hence
the f, would become significant in turbulent flow fields
in which flow fields are time-dependent and rotational.
The fluid Lorentz acceleration f, is regarded as a gener-
alization of the pressure force —Vp, as seen next.
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Secondly, physical meaning of f, may be given as fol-
lows. The force field F, = pf, is represented by the
stress field MY*. In fact, regarding the spatial compo-
nents, the k-th component of the force F'y, = pf, can be
written as follows (i, k = 1,2, 3):

(F.)* = (pe + pv x b)k = -9, M, (A9)

M% = ce(e x b)g, M = Lelel> + L pp' |b* = we,

Mik = —€ee;ep — /J,El b;br + weéik, (AlO)
where 9, = (¢710;,0k), and pp and € = 1/(urp c?) are
parameters of flow fields, The equality (pe + pv x b), =
—8,M"* can be shown by using (A12) and (A13). The
stress tensor M of (A10) as well as the parameters e
and pp are analogous to the Maxwell stress tensor of
electromagnetism. The term (—V p)* on the right-hand
side of (A7) can be written as —9;(p&7%), a force from
the isotropic pressure stress —pd’*. According to the
present fluid gauge theory, the state of isotropic pressure
stress p67* of Eulerian system is extended to the state
of combined anisotropic stress p 7% + Mk,

Equations of a, b and e:  Using the 3-vector notation
a = (a1,as,a3), the 4-field a, is rewritten as (¢, a).
Then, two 3-vectors b and e are defined by

b=Vxa, e =—-0a—Vo, (A11)
where b and e are introduced as a pair of fluid Maxwell
fields in the fluid system. If the gauge field a, is rep-
resented as a, = 0,¥, all the components f,» and f**
vanish. Correspondingly, both of b and e vanish.

Using the definitions (A11), the equation (A6) is trans-
formed to a pair of equations analogous to the Maxwell
equations of Electromagnetism. In fact, with using the
relations d = ee and h = b/ur where € = 1/(ur c), the
equation (A6) gives a pair of Maxwell equations:

—Oi(ee) + up'V x b =3, V-(ee)=p. (Al2)
Definition (A11) leads to another pair:
Ob+V xe=0, V-b=0. (A13)

Equation of current conservation: The equation of cur-
rent conservation can be derived from Eq.(A6), which is
directly connected to the gauge-invariant property of the
Lagrangian Lgr. Applying the divergence operator 0,
on (A6), one obtains 0 = 9,05 f" = pr d,j°. Hence,
vanishing of the last expression leads to the current con-
servation equation:

dj” =0, = dp+V-(pv)=0. (Al4)

Thus the third Lgr ensures the mass conservation.



Appendix B: 3D density, distributing normal to disk

The gravity potential ®, is influenced naturally by 3D
density distribution p(Z, R) normal to the disk plane Z =
0 according to the equation (10): V2®, = 47G p(Z, R).
Let us consider the simplest case of p(Z, R) factorized as

p(Z,R) = [(2) pp(R), [(Z)=exp|-2*/AY, (B1)

where the thickness A is assumed to be a constant
for simplicity. The reason why Z* is used in f(Z)
becomes clear below. In view of the linear nature
of V20, = 4nG f(Z)pp(R) with respect to ®,, the
potential ®,(Z,R) is also factorized as of the form
O, = f(Z)Qq(R). Substituting this into the equation

FIG. 8. The z-factor f,(z) for normal distribution: n = 2,4, 6.

V20, = 47G f(Z)pp(R) and dividing both sides with
f(Z)Qq4(R), we obtain

L1 1 _ po(R)
fRO2f = (=122 +162%), 2=2Z/A. (B3)

Eliminating f~'9?f from the above two, we obtain

V% Qg + (—1222 +162°)Q, = 4G pp(R),  (B4)

where V% = R™1 Og(R 0r ). Over the galactic disk plane
z = 0, this reduces to

(0% + R™'0r) Qq(R) = 47G pp(R). (B5)

On the other hand, the Poisson equation (10) for the
gravitational potential ®, can be written on the disk
plane (Z = 0) under axisymmetry as

(0% + R 0p)®, + 038, = 4nG p(Z, R)‘Z . (B6)
If the term 0% ®, vanishes, we have
(0% + R™10R)®, = 47G p(Z, R)’Zi (B7)

This is equivalent to the equation (B5).

Thus, it is found that the 2D axi-symmetric Poisson
equation (B7) can describe the 3D density distribution
as far as the normal distribution of p is represented at
least as (B1).

Next, consider other cases such as Gaussian or
exp [—z"] distribution to the Z direction. Suppose the
density is like (B1), but the f(Z) factor is given by

fu(z) =exp[-2"], z=Z/A. (B8)

Then, we have

fit 2 fn=(—n(n—1)+n?2")2"". (B9)

In the Gaussian case p o e = pp(R), we have
fa ! 0?fy = —2 + 422, which does not vanish over the
disk z = 0. Hence, the 3D Poisson equation (B2) does
not reduce to 2D problem (B7) for n = 2. However, for
even integer n > 4, the 3D equation (B2) reduces to the
2D problem (B7).

The last result is very interesting, which can be seen
visually in the Figure 8.
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Note Added in Proof:
(I) Disk-Halo Con-spiracy in Silence

About the dark matter problem of spiral galaxies, what is of primary importance is the
observational FACTS first: (a) Neutral hydrogen existing in the dark halo; (b) Flatness
of the rotation curves; (c¢) Disk-halo conspiracy; (d) Hyper-orbital-speeds in the halo.
Secondly, a new theoretical finding is presented in the main text, concerning the dynamical
balance between the gravitational force and (a new) fluid-Lorentz-force. This provides a
profound insight into the Disk-Halo Con-spiracy in silence.

The first indications that spiral galaxies are surrounded by unseen dark objects date
back to the early seventies (Hoekstra et al. [1]). Subsequently, Bosma [2] confirmed evi-
dence of existence of an Hl-region by observing the 21-cm HI-line (hence optically dark)
in 1981. The dark object manifests itself from outer-most parts of the luminous body
toward the halo of spiral galaxies. Its remarkable signature lies in the flatness of the
rotation curves observed well outside the luminous region.

The dark matter problem in the spiral galaxies concerns the outer regions beyond the
optical disk. The disk plus the bulge consists a part of spiral galaxies on one hand, and
the dark halo another. Both parts bring an essential and about-equal contribution to the
flat rotation curve in two distinct regions, which are the inner luminous region on one
hand and the outer HI region emitting the 21 cm line (hence dark) on the other. This
observation implies a physical coupling called the disk-halo conspiracy [3].

A decade later, McGaugh-Lelli-Schoenbart [4] opened a door with an innovative di-
agram, illuminating the disc-halo conspiracy visually. They represented the observed
statistics by a fitting curve A. = F(Ay) given by (3) in the main text, warped
upward toward smaller A,. It expresses a relation between two accelerations A, and Ay,
where A, is the centripetal acceleration of a body, either a star or a gas cloud, and A,
the gravitational acceleration, both directed toward the galactic center. The difference
Apm = A, — Ay is interpreted as that due to dark objects.

The new curve-representation has opened a door, which has enabled the present ap-
proach based on the dynamical equation. The dark matter issue is thus formulated mathe-
matically, and the disk-halo conspiracy is represented with physical terms without presence
of dark matters, enabling a mathematical interpretation on the disk-halo conspiracy.

What is understood at present is as follows. In the dark halo consisting of cold gases
(including HI-gas), the orbital motion is characterized with hyper-velocities of 200 ~ 300
km- s~!. By the power of the hyper-speeds and the action of a physical an-isotropic stress
field (i.e. fluid Lorentz force), the celestial objects in the dark halo are driven by the inner
rotational currents of the spiral arms which are also orbiting at ultra-high speeds.

The Disk-Halo Con-Spiracy might be interpreted as follows. Strength of the gravita-
tional force becomes weaker as the distance R from the center increases, while strength
of the fluid-Lorentz-force grows towards the halo as R increases. Continuous shift in their
relative influences and resulting role-switching are nothing but the Disc-Halo Con-Spiracy.

The present studies ([5], [6]) aim to investigate the aboves as targets. In compact
terms, the study intends Unlocking Galactic Mysteries. A particularly notable finding is
the excellent matching of the theoretical prediction with the observation, which implies
that the present approach has captured an essential aspect of the Dark Matter effect.
This match not only reveals surprising dynamical features of galaxies, but also asserts the
validity of the new physical law described above as the Fluid-Lorentz-Force.
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According to ” fluid-Lorentz-force”, the orbital current (electrically neutral) along the
circular orbit R = R; acts as a source generating a fluid gauge field. The field thus
generated (inside and outside R;) acts on surrounding currents. Particularly, the fluid-
Lorentz-force acting on the outer current at Ry (> Rj) yields a force, not only tightening
the inner currents, but also maintaining the outer current at Ro without flying away.

The hyper orbital speed observed in the galactic halos is telling a true evidence that the
Fluid-Lorentz-Force is working in real cosmic space.

(IT) Invisible gauge field a creating a visible effect in a twisting sense

In order to get an insight into the role of the gauge field a introduced in the main text,
the example of the Kundt-tube experiment [7] would be useful. In the Kundt’s experiment,
"the gauge field within the acoustic-tube is not visible, yet creates visible dust-striations
mechanically”. Correspondingly, the gauge field a generating the Fluid Lorentz Force in
the galactic space has the same mechanical origin as that of Kundt’s field. The difference
lies in the spatial scale and also in whether there exists the gravity field or not. The study
[5] investigated how to incorporate the gauge field of Fluid Dynamics of flat space into
curved space with gravity.

The gravity field has an analogous aspect. The gravitational potential ®, is not visible,
yet its derivatives 0P, /0x* create visible dynamical effect. However, the gravity has an
intrinsic dynamical property. In the relativistic formulation, the galactic space is curved
by the presence of the gravitational potential ®,. The trajectory of motion of any celestial
object with a mass is curved owing to the invisible gravitational potential.

The fluid Lorentz force depends on the cross-product v x b, acting perpendicularly to the
3-velocity vector v. This is contrasted with the gravity force f,, given by f, = —V®,. In

this regard, the action of f; = vx b is twisted. Namely, f; acts on the body perpendicular
to its velocity v, unlike the gravity f, acting anti-parallel to the scalar gradient.
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