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Abstract

A recent article reports new observations of the gaseous content of Wolf-
Lundmark-Melotte (WLM), an archetype of isolated, gas-rich field dwarf ga-
laxies in the Local Universe, which presents an unexpected situation, four
trailing, extended gas clouds lying in the direction opposite to WLM’s spatial
motion, as well as a spatial offset between the WLM gas and stars, which rules
out the near-completion merger hypothesis and suggests a process called
ram-pressure stripping. For these authors, this finding could indicate either
the presence of an intergalactic, gaseous reservoir far from large galaxies
whose evolutionary role in galaxies, both large and small, may not be fully
appreciated or the WLM galaxy is deficient in dark matter (DM). Here, we
propose an explanation for which WLM galaxy is effectively deficient in DM
and which allows explaining DM in the General Relativity Frame without an
exotic matter. It explains the existence of gas clouds lying in the direction
opposite to WLM’s spatial motion, the number of four of these clouds, their
location and the two bridges. Furthermore, this solution can explain the
warping of WLM and the vertical position of WLM. This explanation also
implies a slight shift and counterclockwise rotation of these clouds (unex-
plained by Ram pressure effect) and that the left (western) side of WLM is
frontward. This explanation allows retrieving the density of the gaseous in-
tergalactic medium and interstellar gaseous medium thanks to DM.
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1. Introduction

In a recent article (Yanbin Yang et al, 2022) [1], Wolf-Lundmark-Melotte (WLM),
an archetype of isolated, gas-rich field dwarf galaxies in the Local Universe
presents an unexpected situation:

1) four trailing, extended gas clouds

2) lying in the direction opposite to WLM’s spatial motion (due to Ram pres-
sure)

3) with two bridges between WLM and two of the four clouds

We are going to explain this physical situation with a new explanation of dark
matter (DM), without exotic matter or MOND theory, but simply with General
Relativity (GR). This solution will be enough accurate to allow detecting and ex-
plaining two other characteristics of these clouds that can’t be explained by Ram
pressure:

4) a slight shift of the four clouds below the line of WLM’s proper motion

5) a slight counterclockwise rotation of these clouds.

A previous article (Kepley et al 2007) [2] also demonstrates an asymmetric
field of WLM’s velocity with its approaching (northern) and receding (southern)
sides showing different rotational velocities and particularly:

6) its approaching side appears to be warped

7) a steeper velocity gradient for the approaching side than for the receding
side in the inner region of the galaxy.

This explanation of dark matter will also explain this warping. In fact, several
predictions of this DM’s solution (Le Corre, 2015) [3], confirmed by observa-
tions, are used to explain WLM’s case: existence of privileged alignments in a
cluster, warping of galaxies and quantity of DM (Ze. orientation and value of the
vector explaining DM). It will be deduced from these characteristics:

8) the left (western) side of WLM is frontward and the right (eastern) side is
backward

9) the roughly vertical position of WLM is expected

10) the orientation of the vector explaining DM is close to the galactic plane of
Milky Way (MW) in an interval of around +20°

11) the origin of the vector explaining DM is coming from galaxies’ clusters.

And at the margin of this study, one will also notice that this dark matter ex-
planation implies the warping of Milky Way (MW) and a higher than expected
precession of this warping (recently observed).

But furthermore, certainly the main and more exciting results, this explana-
tion of dark matter applied in the WLM’s situation will allow retrieving:

12) the right quantity of DM (the good order of magnitude of the vector ex-
plaining DM)

13) the densities of interstellar gaseous medium (ISM) and gaseous intergalac-
tic medium (IGM).

One writes “more exciting” because this explanation finally goes beyond the

simple explanation of the specific case of WLM, it makes this potential solution
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of dark matter (one of today’s major physical problems) incredibly consistent
and therefore relevant.

For this explanation, the previous points (1), (4), (6), (9), (10), (11), and (12)
are a direct effect of DM. (8) and (13) are deduced indirectly thanks to DM solu-
tion. (2), (3), (5), and (7) are due to conventionally known physics.

2. Dark Matter as the 24 Component of Gravitational
Field of GR Generated by the Galaxies’ Clusters
(without Exotic Matter)

Before starting studying Wolf-Lundmark-Melotte galaxy (WLM), we remind
briefly how General Relativity (GR) can explain dark matter (DM) as presented
in (Le Corre, 2015) [3] to be able to use DM’s idealization to the WLM’s case.

2.1. Linearized General Relativity (GRL)

When we measure the rotational velocity at the end of the galaxies, we are far
enough of the galaxies” center to consider that its own gravitational field in this
distant area is very weak. Furthermore, for isolated dwarf galaxies (as WLM),
gravitational influence of host galaxies is also very weak. Galaxies at the edge of
clusters (once again as WLM), will also undergo very weak gravitational influ-
ence of the cluster (compared to the inner of the cluster). This last remark is to
take in account because in this explanation, dark matter is not an exotic matter
but the gravitational effect of the 2™ component of GR of the galaxies’ clusters.
For all these reasons, using the linearized equations of the GR in weak field
(GRL) is justified. The advantage of GRL is to allow an easy understanding of
several unusual gravitational effects (that we are going to use in this study). And
above all, it allows taking advantage of the knowledge of electromagnetism (EM)
because GRL equations leads to an idealization similar to EM equations (for
example the existence of a field at large scale compare to the particle source as
for a magnet).

We can find the linearisation of GR in (Hobson et al, 2009) [4] or (Mash-
hoon, 2008) [5] for example. In this article, we will take the equivalent defini-
tions of GR in weak gravitational field used in (Le Corre, 2015) [3]. It yields to
the field equations (written as Poisson equations):
4G

CZ

Ap=4nGp; AH' = pu' = 4K pu’ (1)

With ¢ the traditional gravitational scalar potential, H' a gravitational
vector potential (specific to GR and generating the observed Lense-Thirring ef-
fect) and K'a new constant defined by:

GK =c¢? ()

This definition gives K™ ~7.4x10™ (very small in magnitude compare to
G).
With the following definitions of § (gravity field) and K (which we will

name “gravitic field”), those relations can be obtained from the following equa-
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tions (also called gravitomagnetism because of its proximity with EM):
g=-gradg; k=rotH
rotg =0; divk =0; 3)
divg =—4nGp; rotk = —4nK™j,

The equations of geodesics in the linear approximation give the following
movement equations:

2

iT;(~—grad(p+4VA(rotH): g+4vak

2.2. General Relativity Explaining Dark Matter

The 2™ component of GRL (ie the term 4VAK) is at the origin of the
Lense-Thirring effect observed and verified by several experiments, NASA’s
LAGEOS satellites or Gravity Probe B (Adler 2015) [6]. In this explanation of
dark matter, instead of an exotic matter, one assumes that galaxies’ clusters gen-
erate a gravitic field, k,, which embeds galaxies. Galaxies’ velocities at their
ends can be obtained as the equilibrium of the 3 forces (centrifugal force F_,
gravitational force F, due to § and the gravitational force F, due to the
environment gravitic field k) as in Figure 1. It has been demonstrated that the
own gravitic field of the galaxy is negligible at its ends (Letelier, 2006) [7], (Clif-
ford M. Will, 2014) [8], (Bruni et al, 2013) [9], (Le Corre, 2015) [3]:

In (Le Corre, 2015) [3], it is demonstrated from this equilibrium that an ex-
ternal field Kk, can explain the rotational velocities of the galaxies with values
in the interval 107%%% < ky, < 107'%® (with unit of measurement s™). These values
will be used further to retrieve the density ratio between IGM and ISM at the ex-
tremities of WLM.

Remark: As indicated in (Le Corre, 2015) [3], these values explain why the gra-
vitic field (the dark matter) is imperceptible on Earth and its expression explains
why it becomes detectable only on large structure (larger or largev). At this step,
one can note the remarkable self-consistency of this “dark matter” explanation
compare to the traditional assumption of an exotic matter (which would
represent more than 5 times the baryonic matter in which we were embedded and
that would be locally undetectable and furthermore of no need in our local physic

equations). Furthermore, the gravitic field has all the expected qualities of dark

Galaxy (schematically)
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Figure 1. Simplified representation of the equilibrium of forces in a
galaxy.
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matter (which are hard to justify for a matter excepted by its qualificatif of “exot-
ic”): it is not sensitive to electromagnetic force, it cannot absorb, reflect or emit
light, it interacts with particles but very slightly. One also can add that this field
allows explaining how DM extends to the whole Universe. Contrary to the first
component of gravity, the gravitic fields Kk, of galaxies’ clusters can be com-
bined on large distance just like the atomic spins are combined to generate a
magnetic field at the scale of the whole material in EM. In GR case, the clusters’
spins (k,) would play the role of the atomic spins and the Universe the role of
the material.

Whatever one thinks about the validity of this hypothesis, one really thinks
that it is very instructive first to accept without any justification this gravitic field
k, that embeds the clusters and in particular with the previous expected values
(which are the ones that explain dark matter) and make a first read of this cur-
rent article. The application of this gravitic field to WLM works so well that it
could be a justification. After that, the read of (Le Corre, 2015) [3] will allow jus-
tifying these assumptions.

3. WLM'’s Case Explained by DM, 2rd Component of Cluster’s
Gravitational Field of GR

3.1. About WLM

Here are the main data we need to know about WLM galaxy (coming from ob-
servation). Figure 2 presents the HI velocity map observed by MeerKAT radio
telescope (Yang et al. 2022) [1]. The green arrow shows the direction of WLM’s
proper motion. The negative radial velocities of WLM mean that the galaxy ap-
proaches us, Ze. the vector direction is toward us. We adopt a heliocentric radial
velocity of v_, ~-130km-s™ for WLM (Leaman et al 2009) [10]. The total

space velocity is of about v, ~300 km-s™.
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Figure 2. Meer KAT HI velocity map (Y. Yang et al 2022) [1]. The green arrow

shows the direction of WLM’s proper motion. The red cross indicates the optical
center of WLM.
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We name the approaching side, the northern area of WLM (blue zone in Fig-
ure 2) which approaches faster than geometric center (red cross on Figure 2)
and the receding side, the southern area of WLM (red zone in Figure 2) which
approaches slower than geometric center.

The circular velocity (Figure 3) in the approaching side is about
Vi v ~ 30 km-s7t. The circular velocity in the receding side is about
Vi s ~ 40 km-s™ (Khademi, 2021) [11].

We are going to explain the four trailing, extended gas clouds lying in the di-
rection opposite to WLM’s spatial motion in four steps of a geometric reasoning.
Three parameters intervene in our explanation, proper motion Vpace > rotational
velocity v,, and gravitic field Kk, in the Local Group. They combined them-
selves in four effects, 1) displacement due to proper motion for Ram pressure, 2)
displacement due to proper motion with gravitic field, 3) displacement due to ro-
tational velocity with gravitic field, 4) rotation due to rotational velocity. The first
displacement and the last rotation are effects due to known physics, the two in-
termediary displacements are only expected by the DM solution.

Let’s assume that the gravitic field k, is oriented vertically. We will see he-
reafter that our solution is steady for a large interval of orientation of K. This
perpendicular orientation is then certainly not the real orientation and we will

define an interval of possible orientation for kK, at the end of this study.

3.2. Step 1: Displacement Due to Proper Motion and
Ram-Pressure

This step describes the Ram pressure. Because the gravitational force at the cen-
ter of the galaxy is great compare to Ram pressure, one considers that environ-

ment pressure is only nonnegligible on a ring of matter at the end of WLM

Rotation Curve
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Figure 3. (Khademi, 2021) [11] Asymmetric rotation curve extracted from
the perturbed halo potential (lopsided halo potential) model and from the
observational data (Kepley et a/ 2007) [2] for the approaching and the re-
ceding sides of WLM.
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represented by the two ellipses in Figure 4. The external ellipse encloses the
main body of the WLM HI (Y. Yang et al. 2022) [1]. The internal ellipse is de-
fined graphically to be able to recover the main part of the four stripped clouds.

In Figure 4, we represented the move of the elliptical ring of the gas that un-
dergoes Ram pressure which is slowing down by the environment pression along
the proper motion of WLM. This movement due to proper motion is then con-
strained (for this first step) to stay on the red line (Figure 4) that figures the
proper motion. One defines graphically this movement (black arrow in Figure
4) by starting at the geometric center of WLM and by ending at the horizontal of
the higher vertical current position of the four stripped clouds (the two black
dashed horizontal lines in Figure 4). This horizontal ending is not arbitrary but
necessary because it is due to the verticality assumption of Kk, which implies
(next step) a horizontal force (or displacement).

First important result: By this way, it can be noticed that the observed stripped
clouds are not strictly along the proper motion but slightly moved to the right of
the proper motion axis. This observation is important because it means that the
gas do not only undergo a Ram pressure but have a non-negligible motion
component to the right. WLM would then be subjected to an unexpected force.
This dark matter solution necessarily applies such a new force, which is the sub-

ject of the next steps.

3.3. Step 2: Displacement Due to Proper Motion and
Gravitic Field k,

Let’s now apply the effect of the proper motion v with the gravitic field.

space
Because of the mathematical expression of the force of the gravitic field,

F, =4v .. ~k,, only a component perpendicular to the vertical K, acts.

space

-80
-15°20' =~ -100
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o £
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2 v >
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o -140 E
40' - -160

0°40' 30' 20'
RA (J2000.0)
Figure 4. Displacement of the elliptical ring at the end of WLM that mainly
undergoes Ram pressure. Ram pressure stripping acts along the proper mo-
tion axis (red arrow). Black arrow represents the displacement of HI gas

ring.
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Consequently, only a horizontal movement is allowed in 2D sky projection (that’s
why in the previous step we deduced the end of the movement on the black
dashed horizontal lines). In a 2D representation as in Figure 5, only the effect of
the radial velocity of the galaxy (in our line of sight) can be visible. Indeed, the
component of proper motion in the perpendicular plane to the line of sight gene-
rates a force F, parallel to the line of sight. It would only act by bringing gas
closer or further along the line of sight but without deviating to the right or left.
In this 2D representation (projection), one then cannot see any change from this
component. Only the component of proper motion along the line of sight can
generate a deviation to the right or left from our point of view (Ze. the heliocen-
tric radial velocity Vv, ~-130km-s™). Because of the negativity of V,,
(WLM globally approaching us), one deduces that there is a component of
proper motion in our line of sight which is in our direction (toward us). With
our assumption of a vertical K;, one can then deduce from the mathematical
expression F, =4v_, AK,, that the orientation of K, in this case, is down. In
Figure 5, we move the elliptical ring to be graphically adjusted on the four
clouds thanks to this force’s component:

Because this step uses gravitic field K, this is the first effect of this “dark
matter”. The step 3 will be the second effect of “dark matter”. But before the step
3, let’s show that the observation of a shift on the right of the proper motion axis

is already likely.

Clue about a Shift on the Right of the Proper Motion Axis for the
Four Clouds

In (Y. Yang et al 2022) [1], the authors propose a simulation of the Ram pres-
sure in WLM (Figure 6).

-80
. ~15720" = ~ -100
o —
:
8 L 120 =
> 2
I i 3
Q - -140 2
40" - - - -160

0°40' 30' 20'
RA (J2000.0)

Figure 5. Displacement (black arrow) of the elliptical HI ring due (step 1) to en-
vironment pression along proper motion and (step 2) to proper motion and gra-

vitic field F, ., =4V .. A K.
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Figure 6. (Yang et al, 2022) [1] Velocity map for a simulation of Ram
pressure that uses a space velocity of 500 km-s™ for WLM and an interga-
lactic medium density of 4 x 10~® atoms cm™>.

If one superimposes (Figure 7) their two figures, Figure 6 and Figure 2, one
can also remark that the eastern cloud but in particular the southern cloud are
not completely recovered by the Ram pressure movement (left in Figure 7). But
by applying a horizontal movement equivalent to the one of step 2 at the simu-
lated HI gas striped by Ram pressure, the parallelogram, which localizes the gas
due to Ram pressure, recovers very well the four clouds (right in Figure 7).

Remark: One only talks about “clue” because, at the current precision, if one
takes in account the one-sigma error of the proper motion, on one side this shift
could be greater but on the other side, it could be less and perhaps disappearing.
But in our solution, the shift is expected, only except if K, is perpendicular to

the proper motion but we will see that it shouldn’t be the case.

3.4. Step 3: Displacement Due to Rotational Velocity of WLM and
Gravitic Field k,

This step is equivalent to step 2 but now the gravitic force is obtained with the
=4v

Graphically, one remarks that the position of the elliptical ring in the previous

component of the rotational velocity v, of WLM galaxy, F, ror AKp -

step contains the four stripped clouds (Figure 5). This step must then slightly
move our elliptical ring. Let’s compare the order of magnitude of the force ap-
plied in this step compare to the previous one. The force in the previous step was
Ficga || = 4] Vapace A K| ~ 4V
V4 (on our line of sight) is around 90°. The force in current step due to the
= 4V, A ko]l ~ AV, SN (Vi Ky ) - The angle
between vertical k, and v,, at the extremity north and south of the ellipse

k, because the angle between vertical k, and

k,gal Vspace rad

inner rotational velocity is "F

k,rot rot

is around 90°, as one can see that in Figure 8. It gives ”Fk,rot ~4v,k,. One
F
deduces that ||||k—r°‘|| ~ Yot at the extremity north and south. At the northern
F, \/
Jgal rad
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Figure 7. On left: Superposition of simulation of Ram pressure (Figure 6) on real distri-
bution of HI gas (Figure 2). The parallelogram indicates the area HI gas striped by Ram
pressure. The filled in black ellipses recover the four clouds. On right: Idem with a trans-
lation of the parallelogram equivalent to step 2.

Fk,rot_N X vrot_N A kO

P —

Vrot_N

1]rot_S
Fk,rot_S x VUrot_s A kO
ko

Figure 8. Simplified representation of the gravitic forces in a highly inclined galaxy as in
WLM.

|| Fk ,rot_N || Vrot_N 30

approaching side "—~V— ~ 0 1/4.35 and at the southern receding
k,gal rad
F rof vro
side [Forns] v -2 1305,
|| | Vs 130

If one looks at the two extremities of the roughly horizontal minor axis of the

elliptical ring (red point in Figure 8), the rotational speeds (v, at east and

rot_E

% at west) are vertical like Kk, (and also null in our line of sight). This qua-

rot W
si collinearity means that ||Fk,rot ew " = ||4Vrot N " ~ ||4Vrot w A k0|| ~0. From

(black arrow

these ratios and because we know graphically the effects of " Fi gal

of step 2) one can report the effects of " Ferot

on the northern approaching
side (adding a movement to the right) and southern receding side (adding a

movement to the left). The force is applied horizontally. On Figure 9, these
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Figure 9. Displacements of the northern and southern clouds of the elliptic

ring represented at the scale of the graphic (F, ,, =4v,, AK,). Final positions

k,rot rot

are materialized by the 2 black points.

movements are represented at the scale of the graphic and the final positions of
the northern and southern clouds in the elliptic ring are materialized with the 2
black points. These points (due to these forces) should be roughly at the center
of gravity of the two clouds (north and south). But one has to observe that they

don’t really match.

3.5. Step 4: Rotation Due to Rotational Velocity of WLM

By a pragmatic attitude (but probably because it is physically required as we will
see hereafter), a way to enhance the situation would be to turn globally the ring as
it is done in Figure 10 for which a turn counterclockwise of about 10° is applied:

We don’t know the value of the rotation (which does not depend from k)
but graphically it should be between around 10° and 20°.

This “a priori pragmatic” counterclockwise rotation is interesting in several
ways. Firstly, this global turn is not only conceivable but certainly required by the
physics because the gas pulled out of the galaxy continues to spin. Inside the ga-
laxy, the ring is seen as a “continuous fluid” (without hole) and we don’t distin-
guish the rotation of the homogeneous fluid (in its globality). But in the ring of
stripped gas, the clouds are individualized (we will see how hereafter) which al-
lows to follow them in the rotation.

Secondly, in addition to allowing to get a better fit of black points (Figure 10)
on the centers of the clouds, it also seems to give a roughly better alignment of the
ring with the iso velocities (Figure 11) of the clouds. In Figure 11, one has drawn
in yellow several iso velocities of the four clouds that tend to stay straight. Firstly,
it really seems to show a rotation compare to the ones in the galaxy. Second, this
rotation appears to be counterclockwise as expected by our graphical determina-

tion. But this consequence must be confirmed by more accurate observations.
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Figure 10. The HI gas pulled out of the galaxy continues to spin generating a
rotation of the fluid in its globality. This effect is independent of the gravitic
field k.
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Figure 11. (Yang et al.,, 2022) Velocity field of WLM from the MeerKAT observations. The
four discovered clouds, Ze, C1, C2, C3, and C4, and the contamination from the Magel-
lanic Stream (MS) are indicated. The blue dashed-line box encloses the four clouds. Yellow
lines indicate several iso velocities of the four clouds that tend to stay straight and showing
a rotation compared to iso velocities in WLM galaxy.

Our solution leads then to a prediction:
Second important result. The four clouds of WLM (and their iso velocities)

should undergo a counterclockwise rotation around the center of the elliptic ring.
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Furthermore, there is another consequence of this counterclockwise rotation.
To be able to rotate counterclockwise (on 2D projection on the sky) with a
northern approaching side and a southern receding side, it implies that the left
side of WLM is toward us and the right side is in the background.

Third important result. the left side of WLM is toward us and the right side is
in the background.

One can insist that this rotation is not a consequence of the gravitic field. It
should then exist even if this explanation of dark matter would be wrong (even if

k, isn’tlarge enough).

3.6. From a Homogeneous Elliptical Ring to the Four
Individualized Clouds

These previous considerations lead us to seek to understand how these clouds
were individualized. Until now, one moved the elliptical ring in its globality. It
means that the gas at this step would be uniformly distributed inside the ring. But
we have just seen that the approaching and receding sides undergo two not null
forces (and even two opposite forces because of the sign of the radial velocity,
Figure 12) and also that the forces at east and west on the minor axis of elliptical
ring are null ("Fk,rouzw ” ~ 0). While the balance of power between " Firot s " or
o] ana |F o

movement, the ratio between Fk,rotfs| or |FkYmLN|

for the local movement. It makes ”FkYmI_EW negligible for the inner distribution

makes "ka_S ” and | very weak for the global

k,gal

and "Fk,rouzw " is great

of the gas compare to " Firot s ” or ”Fk,row ” Concretely, the approaching and
receding sides undergo a force that slightly stretch the gas at the north and south

areas (around the black points), while the east and west areas don’t undergo

-80

. -15720" 4 ~ -100
= @
S =
(\I - 120 =
2 2
o 30" - o
a —- 140 2

40' — -160

I I I
0°40' 30 20'
RA (J2000.0)

Figure 12. Four different dynamics located at the four cardinal points of the
elliptical ring generating four separated clouds: the two black points have op-
posite gravitic forces, F, s ~—F,  @and the two red points have null gra-

vitic forces F, ~0.

k,rot_ EW
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such a force (around the red points). Gradually, these two vertical sides deviate
from the horizontal eastern and western sides generating four separated clouds
of gas at the four extremities of the elliptical ring. Inside the ring of gas, there are
four different dynamics located at the four cardinal points of the ellipse and be-
tween them the gas tears.

Fourth important result. This DM solution can explain the four clouds of

WLM at the four cardinal points of the ellipse.

3.7. Two of the Four Stripped Clouds Show a Bridge with WLM

The observations show two bridges between the galaxy and two of the four
clouds. These bridges and their number can also be explained by these move-
ments in 3D space. Because of the direction toward us of the proper motion, the
four clouds of the four extremities of the elliptical ring are not only moving up
and right but are also pushing back by the environment’s pression. This move-
ment in the depth of the 3D space makes the south closer to the center of WLM
than the north, letting southern cloud undergoes the gravitational influence of
WLM. And, depending on whether the right side is in front or behind the left
side (in 3D space), one or the other of the two clouds on the minor axis should
also be closer than the other to the center of WLM. This gravitational proximity
to WLM of these two areas can explain the two bridges. One can precise that
from our third result, the bridge should be on the cloud toward us.

had

been positive (with the same others velocities), the southern cloud would per-

One can notice the consistency of the solution. If the proper motion Vv,
haps not have a bridge because it would move away from the center of WLM like
the northern cloud. There would only be one bridge. And by the same time the
movement of the elliptical ring (resulting from step 2) would not lead to locate
the ring under the proper motion axis (by a movement on the right) but above
the proper motion axis (by a movement on the left) which is not what we ob-
serve, but two bridges and a shift to the right of the four clouds.

Fifth important result. This DM solution can explain the two bridges between
WLM and two of the four HI clouds.

3.8. Quantitative Deductions of the Densities of WLM and Its
Environment and of Dark Matter

Until now, we have mainly geometrically explained the four stripped clouds. We
are now going to obtain quantitative results to consolidate and ensure the con-
sistency of this explanation of dark matter on WLM.

The previous step 1 is due to the Ram pressure of the environment on WLM.
The step 2 is due to the gravitic force obtained by the proper motion of WLM.
Let’s note p;, the density of matter of the environment (the Inter Galactic
Medium) and p, the density of matter of the WLM galaxy in the elliptical
ring (around the last kiloparsec at the end of the galaxy, its size is then around

Ring ~1kpc). If we consider that the energy Eg, given to the particles of IGM
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(for Ram pressure) is of the order of magnitude of the energy E, produce by
the gravitic force in the ring, (in this solution it is justified because the displace-
ment in step 1 and in step 2 are of the same order of magnitude) one can write:
Pic Vrad

IGM_ _ 4k0 ra R

2 ring
pISM space

Eiem ~ Eisu = Piom Vszpace = Pism 4k0Vrad Rring =

In (Le Corre, 2015) [3], to be able to explain the dark matter of the galaxies on

the 16 studied samples, the deduced value of the gravitic field k, of a cluster is

in the following interval, 107'°% <k, <107°°. Because WLM is at the edge of the

cluster, Kk, should be around the minimum of this interval. Let’s take
ky ~107°* s With R, ~1kpc~3x10"m,

Viq ~130km-s™ ~1.3x10°m-s™, v__ . ~300km-s? ~3x10°m-s™, one ob-

tains:

space

1.3x10°

Piem _ 41071662 o

Pism 9x

x3x10%° ~1072% ~ 107

Since we work in order of magnitude and despite the gravitic field Kk, is not
precisely known, our solution allow to obtain a not so bad value of the ratio of

nIGM

the density of HI atoms with the IGM volume density n,, and the

nISM

WLM volume density at the end of the galaxy n,, . Indeed, if
Ny ~10*atoms-cm™, it gives ny, ~10"atom-cm™ at the periphery of
WLM. Furthermore, the value of |k,| from (Le Corre, 2015) [3] is obtained
from only 16 galaxies. Consequently, the interval of k, is likely a minimal in-
terval. The lower limit of Kk, is then probably less than k, ~107'**s™ which
will decrease the ratio Diom .
Mism

Sixth important result: This DM solution can obtain the ratio of the density of
HI atoms :'ﬂ <107 at the end of the galaxy.

ISM

This result is very important because it allows to retrieve volume density with
a parameter K, used in two different contexts: one to explain the dark matter,
Le. the rotation speeds at the ends of galaxies (with the previous expected value)
and the other to explain the ram pressure observed on WLM case with its four
stripped clouds of HI gas away from WLM. Furthermore, with this solution there
is no dark matter halo. The galaxy’s mass is then only composing of the baryonic
particle. In (Yanbin Yang et al, 2022) [1], the authors find that their numerical
models only provide good matches to the observations (for Ram pressure effect)
when they adopt very low total masses for WLM. This solution, by eliminating
the dark matter, eliminates the hypothetical but the main component of its dy-
namical mass.

Seventh important result. The value of K, calculated in (Le Corre, 2015) [3]
to obtain the rotational speeds at the end of the galaxies is relevant because
r.‘IGM

allowing retrieving the ratio of the density of HI atoms
r"ISM
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Remark: Inversely to our computation, when a physical situation combines
the effects of Ram pressure and gravitic field, the measure of the ratio of densi-
ties could be a way to measure the gravitic field.

The capacity of this explanation of dark matter to explain the case of WLM
seems to confirm that the gravitic field would certainly be generated by the ga-
laxies’ clusters. Indeed, to retrieve the good order of magnitude of the volume
densities in the case of WLM, the gravitic field must be weak enough. The mi-
nimal value of gravitic field (if it is generated by the galaxies’ clusters) must then
locate at the end of the clusters. WLM is precisely located at the edge of a cluster.

Eighth important result. The origin of k, as the gravitic field of the cluster is
corroborate by WLM’s case.

Remark: If this dark matter solution is confirmed, then one way to determine
the boundaries of a cluster could be the geometrical locations of the physical

minimum of gravitic field ||k0 || .

3.9. About the Orientation of k, the Gravitic Field of the Cluster

As written at the beginning of this study, we are going to show that the assump-
tion of the verticality of k, is not too constraining. It exists in fact a large inter-
val of possible K. The orientation of K, concerns directly the step 2 and 3 but
also indirectly the step 1 by the intermediary of the step 2. Indeed, by rotating the

gravitic field k;, the movement F,  =4v_. . Ak, of step 2 (Figure 13) also

k,gal space
rotates around the final expected position of step 2. The final expected position,

black cross in Figure 13, is always the same whatever the angle of K, in particular

-80
= -15°20"' = -100
o ! @
2 ¥ :
S ] - 120 =
o 30 - id 5
L A8 e,
a C - 140 O
\\7
40' -160
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0°40' 30’ 20'
RA (J2000.0)

Figure 13. Example of an orientation of K, with (X,k0)=—70° (different

from our previous studied case (X,ko) =-90"). For visibility, only the 3 dis-

placements of the 3 first steps are represented.
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because at the step 3 the minor horizontal axis has a null force (as seen before
F

13, one applies this rotation of k, to the movement F

~0). It then modifies the length of the movement of step 1. On Figure

k,rot_EW
=4v,, ~k, ofstep 3.

k,rot

The values of the angles of Kk, are given compare to the horizontal axis oriented
to the right (noted x below) with a positive sign for counterclockwise. One also
applies the scales calculated at step 3 to the length of the forces at the center of

F
mass at north and south (f————~—"—~—=1/435 and
|| Feqa 130

~—= ~——=1/3.25). For the visibility of the figures, one hasn’t applied

||F 130

k,gal
the last rotation of the whole gas ring (step 4). It is also because it doesn’t depend
of Kk, and furthermore we don’t know the value of this rotation.

A priori, the interval of possible Kk, contains all possible directions, that is
-360° < (X/,k\o) <0°. On Figure 14, several characteristic orientations are
represented, allowing to reduce the possible orientations of K,. From the Ram
pressure intensity, the first extreme case, for which there is no Ram pressure, de-
fines the first limit of the interval of (X/,E) ~ -55"; the second extreme case
k,rot_S and Fk,rot_N
(infinite vectors), defines the second limit of the interval of (X/k\o) ~ —225°; This

(asymptotic limit) for which F are parallel to Ram pressure

first reduction of the interval of possible k, (from Ram pressure possible inten-

sity) leads to the possible interval —225° < (X/,FO) <-55".
Others remarkable configurations are represented: with F and F

perpendicular to proper motion axis ((x/,k\o)~—135° ); with F

k,rot_S k,rot_N

k,rot_S and
Foron vertically ( X/,?O ~-180" ); and two intermediary configurations
((ﬁg)um" and §X/,k\0;~—200°).

The second extreme case is where k,~—225°". At this limit, the movement of
step 2 is nearly parallel to proper motion, it is then impossible at the step 2 to re-
trieve the final expected position (except with infinite displacements). And
beyond this angle, step 2 generates a movement upper the proper motion axis
contrary to the final expected position (under the proper motion axis).

The application of the scale of step 3 is important because it also allows reduc-
ing the previous interval because at its limits (for (X/,k\0 ) ~—225 and

X/,FO) ~ —55") the positions of the centers of mass of the northern and south-
ern clouds are completely false, i.e. this solution is irrelevant around these limits.
This second reduction of the interval of K, (from this DM solution applied on
rotational speeds of WLM) leads roughly to the more reasonable possible interval
~200° < (xAkO) <-70°.

At this step, this DM solution on WLM is then possible for the following in-

terval of orientation of K, :
~200" <X,k ) < =70 = 160" <(x,k, ) < 290

Once again, the rotation of step 4 (independent from K ) hasn’t been applied.
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Figure 14. Forces exerted in WLM’s case for several possible orientations of the gravitic
field k,.

But one can note that the application of this rotation enhances, for a shorter in-
terval, the position of the points in the figures compare to the center of mass of
the four clouds. We will see now from another characteristic of this DM solution

that one can effectively reduce the interval around ()Z-k\o) ~-180°.

Dwarf Satellites Alignments and Gravitic Field Kk,

One can still refine our result on the interval of k, because this explanation of
dark matter implies (Le Corre, 2015) [3] the alignment in a plane of the dwarf sa-
tellites around their host galaxy. Furthermore, this plane is expected to be per-
pendicular to the gravitic field k, of their cluster of galaxies. In Our Local
Group, several such alignments have been observed. Around M31 (Ibata et al
2013) [12] and around Milky Way (Pawlowski et al 2012) [13]. In the two cases,
the plane of alignment is near to the perpendicular to Milky Way (MW) with an-
gles less than 20°. In our figures of WLM, x is roughly the galactic plane of
MW. One can then expect that the gravitic field k, of our Local Group is
roughly at an angle less than 20° around MW galactic plane. This DM solution
implies:

Ninth important result. The gravitic field k, (which represents the dark mat-
ter) of our Local Group would be roughly in the interval 160° < (X/,E)< 200°
(i.e oriented roughly along MW galactic plane in an interval of around +20°).

It is remarkable that this narrow interval is consistent with our previous de-
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duced interval. In this narrow interval of K, , the counterclockwise rotational ef-
fect of step 4 (not represented in Figure 14) enhances the position of the ellipse
compare to the four clouds.

One can remind that the alignment of the orbital trajectories of dwarf satellites
is unexpected with traditional DM assumption (as an exotic matter) while in this
DM solution, it is expected.

Remark: A more recent publication (Miller ef a/. 2018) [14] find also evidence
for a kinematically coherent plane of satellite galaxies around Centaurus A.

Let’s note once again the consistency of this solution. Because WLM is ex-
pected to be isolated and because it is a dwarf galaxy (Ze. light galaxy), its own
equatorial plane is susceptible to be mainly influenced by k, (ie such that v,
=4v,, Ak, ). The fact that WLM galactic
plane is close to the perpendicular to the MW (Ze. to K, ) is then consistent with
this DM solution.

Tenth important result. The orientation of WLM galactic plane perpendicular
to k, (ie to the MW) can be explained by this solution of DM because of its

is perpendicular to k, because F

k,rot rot

isolated position and evolution (far from influence of other galaxies and mainly

undergoing the effect of k).

3.10. Another Deduction: The Warping of WLM

Until now we focused on the four stripped clouds (external to WLM), let’s see
what happens in the galaxy itself. This gravitic field Kk, (explaining dark mat-
ter) can also explain the warping of WLM. Let’s first explain the warping in an
advantageous situation such as Figure 15. As the gravitic force is F =4v Ak,,
with a uniform K, along the galaxy, the force evolves then depending of the
evolution of v, ie of the gradient of v . If the gradient is linear, the force will
evolve linearly along the galaxy. The effects (depending of the angle of k) will
be a regular inclination without warping. But if the gradient is not regular, there
are both inclination and warping (left on Figure 15).

In the particular case of WLM with its asymmetric velocity field, the ap-
proaching side appears to be warped and shows a steeper velocity gradient than
the receding side in the inner region of the galaxy (Kepley, 2007) [2] as one can
see that on Figure 16. It is the correlation that this DM solution expect, between

Galactic plane with V., in this plane Galactic plane with V.o in this plane
inclined by F, = 43 A kg inclined by F, = 4% A k, and warped by

a non-linear Vv, o

Warping

=

Al T i ’e X i
jo . vty A

ko kO
—> —>

Figure 15. Warping and inclination of a galaxy from a gradient of rotational speed.
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Figure 16. (Kepley, 2007) Mean-velocity map of WLM. The contour levels are —150,
-140, —130, —120, 110, —100 and —90 km-s™*.

geometrical warp and gradient of rotational velocities. In the case of WLM, be-

cause K, is close to be perpendicular to WLM, this warping must be slight.
Eleventh important result. This solution of dark matter can explain that the

steeper gradient of rotational velocity in northern side of WLM (compare to

southern side) generates a warping of this northern side.

4. Discussion
4.1. About the Warping of MW and Its Precession

A phenomenon of precession has been suggested in the study of dark matter
around the gravitic field k, (Le Corre, 2015) [3], just like in EM with the mag-
netic field. Three recent publications (Poggio et al, 2020) [15], (Cheng et al,
2020) [16] and (Chrobakova, Lopez-Corredoira, 2021) [17] observed that our
galaxy’s warp was spinning with a procession that would be faster than models
had predicted. The fact that this precession is faster than expected could be ex-
plained by this DM component k, because the gravitic field of the clusters
would be in general underestimated (and perhaps also the own gravitic field of

the galaxies). Indeed, in this solution it’s not the matter that is missing but the 2™
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component of RG that is underestimated.

4.2. About Gravitic Field ko

It is important to keep in mind that this gravitic field k, is a characteristic
which comes from GR (unknown in Newtonian gravitation) in the same way as
the curvature of space and the gravitational waves. One can noticed that curva-
ture of space is became very important elements of our knowledge and under-
standing of the universe. And the gravitational waves is an incredible window on
a new reality as a sixth sense. It is very surprising that this gravitic field (this 3rd
new characteristic of the universe revealed by GR also known as Lens-Thirring
effect) is not highly valued until now. In this solution, this gravitic field would be
the dark matter. It will then take an honorable place as well as curvature of space
and gravitational waves. If we compare with EM, gravitic field corresponds to
magnetic field. Once again, it will be very surprising that gravitic field cannot
have the same importance that magnetic field in EM. One can also add that be-
cause k, is unknown in Newtonian gravitation, GRL can be seen as a kind of

MOND theory (but natively in agreement with GR).

4.3. About Exotic Matter Versus Gravitic Field k,

4.3.1. Hypothesis 1: Nature of Dark Matter

To explain the gravitational issue detected from galaxies’ scale and beyond, one
assumes the existence of a matter never discovered to date. In this explanation of
DM we don’t create a new physical entity and don’t modify current gravitational
theory, we only use the gravitic field that exists for any object, it is then not a hy-
pothesis at all because predicted by RG and already observed.

4.3.2. Hypothesis 2: Quantity of Dark Matter

The quantity of this exotic matter must represent at least 5 times the known mat-
ter. In other words, we have built theories to explain the behavior of known mat-
ter with very great precision and these theories would lead us to conclude that
they are only able to explain 25% of reality (while this exotic matter surrounds
us). If it was the case, we would rather be entitled to question the predictive ca-
pacity of such theories. In general, the unknown mass hypothesis is made when
there is a small gap with respect to the theory (with matter which is always known
matter) and this is what makes it possible to discover new objects (Neptune, ex-
oplanets, etc.). For the gravitic field (which, let us remember, exists for any ob-
ject), the only hypothesis in this attempt to explain dark matter is to assume that
this field is larger than what was thought for certain objects. Moreover, to support
this possibility of a larger than expected field, the example of the EM validates this
solution. Indeed, this gravitic field is mathematically similar to the magnetic field.
The EM experiment shows us that although objects can be neutral there are
magnetic fields much higher than expected such as the magnetic fields of planets.

But even more, the fact that it is not a central force, these fields can mutualize
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each other to create large-scale magnetic fields (ferromagnetic material, magnet
for example which sees their spin at the atomic level being maintained at the ma-
terial scale). Such a field is then able to fill an environment (as in accelerators).
These physical characteristics, which have no reason not to apply to the gravitic
field, make it possible to explain dark matter. And now if we look at the value of
the gravitic field necessary to find the amount of “dark matter”, it turns out that it
is still very low. So weak that locally no device is currently sensitive enough to
measure it, explaining why this theory works well at local scale (this field being
negligible). On the other hand, due to the mathematical nature of the force,
F, =4v AkK,, high speeds or large distances (Le Corre, 2015) [3] are needed to
detect its effect and these are precisely the physical scale where dark matter ap-

pears.

4.3.3. Hypothesis 3: Behavior of Dark Matter

DM is not sensitive to EM force, it cannot absorb, reflect or emit light. It interacts
with particles very slightly (because we never detected it), but generates an excess
of gravitation (because of its effects on large structures of our Universe). It is an
invisible matter. All these characteristics are illogical for a matter (justifying the
term of exotic matter), but they are all verified if DM is the gravitic field (2nd
component of RG similar to magnetic field in EM).

One can add that dark energy could also be another facet of the gravitic field
(Le Corre, 2015a) [18]. This is more hypothetical but some expected behaviors or
observations can be explained as primordial inflation (Le Corre, 2020) [19] or
anisotropies of CMB sky (Le Corre, 2021) [20].

5. Conclusions

In this paper, one studied WLM’s case with a new dark matter explanation (Le

Corre, 2015) [3] for which it is not an exotic matter but the 2nd component of

the gravitation field of GR (giving the observed Lense-Thirring effect) named in

this paper the gravitic field k. This explanation doesn’t need any more matter

than the known baryonic matter. One uses several expected consequences of this

DM solution already observed (and for some of them unexplained in the as-

sumption of DM as an exotic matter): the existence of privileged alignments in a

cluster, the warping of galaxies due to Kk, and the orientation and value of Kk,

(ie. the expected quantity of DM). With these key parameters of this DM solu-

tion, one explains:

- the four trailing, extended gas clouds, and their position around the four car-
dinal points of an ellipse (a DM effect)

- the position lying in the direction opposite to WLM’s spatial motion (due to
Ram pressure)

- the two bridges between WLM and two of the four clouds

- its approaching side appears to be warped (a DM effect)

- a steeper velocity gradient for the approaching side than for the receding side
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pe
as

in the inner region of the galaxy.
One also deduces (not expected or deducible by Ram pressure effect):
a slight shift of the four clouds below the line of WLM’s proper motion (a
DM effect)
a slight counterclockwise rotation of these clouds (should be revealed by the
iso velocities of these four clouds)
the left (western) side of WLM is positioned frontward and the right (east-
ern) side backward (deduced thanks to DM)
the roughly vertical position of WLM roughly perpendicular to k, (a DM
effect)
the orientation of the vector k, (explaining DM) close to the galactic plane
of Milky Way in an interval of around +20°
the densities of interstellar gaseous medium (ISM) and gaseous intergalactic
medium (IGM) (deduced thanks to DM).
WLM explanation and DM explanation together also confirm:
the right quantity of DM (the good order of magnitude of the vector ex-
plaining DM K, )
the origin of the vector K, coming from galaxies’ clusters.
Because this explanation of WLM’s case and this explanation of DM are inde-
ndent of each other, they demonstrate great relevancy of this DM explanation

the gravitic field of the clusters.
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