Magnetohydrodynamic Halo-Dynamics as an

Alternative Modellation of galactic Rotation

Curves

Abstract:

Galactic rotation-curves shows in many spiral- and dwarfgalaxies deviations in movement from the
expectation of baryonic matter alone. Usually these deviations are explained by supposing a
domination of a “dark-matter halo. Here, in this treatise an alternative scenario is discussed in the
sense of Ockams Razor: not to speculate new things to safe the phenomena but to try an explanation
of observed phenomena by very well-known contributions. Therefore a global galactic magnetic
plasma-halo is able by supposing a magnetic pressure and stress-term to deliver an additional
dynamical term to movement of stars. This model doesn’t substitute gravity but elaborates the

eeffective dynamics by magnetohydrodynmical effects (MHD).
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1.Introduction:

Beginning with a halo-plasma of a density distribution of

Po

P(")Zm

and a toroidal magnetic field of

(1a.)
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B
B,(r)=— 1b.
[ o[r) 1+r/r, (1b)
there is demonstrated, that in the outer rim area of galaxies automatically
[o(r)ocr™] (1c)
and therefore follows:
[M(r)ecr] . (1d.)

From these conditions follow an asymptotically constant rotation velocity.

This model is qualitatively applicated to milky-way, Andromeda (M 31) and the dwarf-galaxy
DDO 154. The results demonstrate, that the observed form of rotation-curves can be derived from a
combination of baryonic matter,plasma-halo and magnetic order.A final evaluation but needs a
quantitative simulation from independent measured profiles of galactic-magnetic fields and
distributions of galactic gases. The rotation velocities of stars in galaxies often decrease out of
galactic discs not like is expected after Kepler’s law but stay approximately constant [1.],[2.] .

Classical interpretation leads to an additional gravity-term of:

2)

with a non-visible mass-component [3.],[4.]. Here now in this paper an alternative description is
discussed. Stars carry on moving by gravity [5.],[6.] but the galactic plasma-halo influences the
effective distribution of massses and dynamics caused by magnetic forces.

2. Physical model:

The halo is treated as a consideration of a weak ionized plasma.

The magnetohydrodynamic equation then is:

B* _(B'V)B
2 U, Uy

VP +V (3a.)

The third term describes the magnetic tension.



For a more predominant azimutal field there is:

[B=B¢(r)e¢]

and a term generates of:

F N__d B’ i
B dr 2ug ur

(3b.)

(3c.)

3. A Halo-Profile:

Chosen is a core-halo profile of:

[p(r)=(1+f#6)z

with its characteristics of different radii:

I. For small radii of
[r<r,]

there is:
[p~p]

and ergo:
[M(r)ocr’]

and following is:
[v(r)ocr]

II. For large radii of
[r>r]

there is:
[pocr™]

and:
[M(r)ecr]

Therefore follows:

[v(r)=const.]

Ergo the model automatically generates the transition of:

[linear increasing = flat rotationcurve |

(4a.)

(4b.)

(4c.)

(4d.)

(5a.)

(5b.)

(5¢.)



4. Magnetic field model:

The magnetic field is attached as:

P\
1+—
I'p

B,(r)=B, (6a.)

In its outer area there is:

[Byocr] (6b.)
Then follows:

[B’ocr™?] (6c.)
and added with:

[pocr?] (5a.)

there follows:

2

Uy P

Va= ~const . (6d.)

The Alfvén- velocity ergo stays approximately constant in the outer halo.

5. The connection to rotation-curves:

The complete velocity is written as:

[VZ(r)zviary<r)+V§/IHD(r)] (7a.)

with:

B2

2
Vmup ™ €B U, 0

(7b.)

The factor of:
[ €5]
describes the part of well-ordered magnetic energy, which takes its part of action at large areas
The dependence of this part possibly is:
1.Dynamo-efficience,
2. Turbulence,

3. Fieldgeometry,



4. Plasma-Beta:

Pg

/J’ZP—B

(7c.)

6. Comparison of galaxies:

6.1. Milkyway:

Typical parameters are:

[M,, ~6x10"M,]

bary

[Buiaio~(0.5-1) u G]

The model results in an external rim velocity of approximately:

[v~200—230km/s]

6.2.Andromeda (M31):

Parameters are:

[M,,, ~10"M,]

bary

with more stronger strictly ordered magnetic field of

[BHaION(O'S_l)Au G]
there is:

[v~230—250km/s]

6.3. Dwarf galaxy DDO154:

Parameters are:

[M,, ~3x10°M,]

bary
and weaker field:
[Byoo~(0.05—0.1) uG]

lead to:



[v~40—60km/s]

7. Falsificable predictions:

The model makes the following predictable assumptions:

7.1. Dependence of magnetic field:

The velocity of rotation should correlate with:

Bord
vrot ~ W

(8)

7.2. Dwarf-galaxies:
Weak dynamo activity should lead to:

1. Small order of field,
2. Slower profiles of increasing,

3. Weaker MHD-contribution.

7.3. Large spiral-galaxies:

A stronger shearing and dynamo-processes should generate
1. greater ordered halo-fields,

2. more flat rotation curves.

8. Open problems:

The model needs more investigations:
1. Complete 3D-MHD-simulations.
2. Realistic dynamo-models.

3. Comparison to Faraday-rotation cards.

4. Inclusion of streaming of interstellar gases and galactic winds.

5. Proof of large galaxy-samplers.



Especially there must be the proof if the needed magnetic field-strengths and field-orders
really can be observed.

9. In-between-Conclusion:

A magnetic plasma-halo in principle can generate rotation- curves containing flat outer-areas. The
central mathematical characteristic is a halo-profile with:

[o(r)ocr™] (5a.)
which leads directly to:

[M(r)ecr] (5b.)
and therefore to:

[v(r)~const.] (5c.)

The suggested model doesn‘t substitute the interpretation of the DM- standard model automatically
but is the fundament for a detailed alternative MHD-based description, which must be tested and
examined experimentally by measurements of magnetic fields and comparisons of galactic rotation
curves.

The next sector ergo now is about the mathematics with its Lagrangian formulation, because it
comes clear which dynamics is supposed and which terms really influence the movement of stars.
Important for this description are clear defined announcements and presuppotions:

1. Stars are not directly magnetic charged (except special star constructions like magnetars) and
supposed is that they appear no Lorentz-force.
2. The local but galactic magnetic field acts on the ionized halo-plasma.
3. The plasma changes because of its energy- and pressure distribution the effective gravity
potential.
Therefore the star-orbit carries on by:

[f ’:star:_ Vq)e‘ff

©)
with a potential, which is determined by baryonic matter and the halo-plasma.

10. L.agrange-Formulation of the magnetized halo-model:
10.1 The complete Lagrange-function:

The described system contains of stars, baryonic gas, magnetized plasma-halo and gravity-field.
The action then is:

[$=[ Lat] (10a.)
with:
[L:Lgrav+Lgas+LMHD+Lstar (10b)



10.2. The gravity-field:

[Lyo=—[ p®d’x]
with:

[V:®o=47Gp,,]
and:

[ Dges = Pstar*+ Py

10.3. Star component:
For a star there is the condition of:

L —lmf“z—mqD(r)

star )

romEuler-Lagrange:
doLaL_
| dt OF Or
follows:
mi=—mV @]
ergo:

[F=—V @]

gyl

10.4. Magnetohvdrodynamic energy:

The MHD-Lagrange-density is:
1 B’
Lypp= E:OVZ u(p) Z—MOP(D

df v

dt
ergo the well-known MHD-equation.

10.5. Toroidal halo-field:

Set now is:

[B=B,(r)e,]
Then follows:

(V xB)xB]
delivers radial:

2 2

_—d B, By

dr 2u, ur

B

The secomd term is the magnetic stress.

Variation after the plasma-field results in:

pUY =V p—pVa+(VxB)xB

(10c.)

(10d.)

(10e.)

(11a.)

(11b.)

(11c.)

11d.)

(12a.)

(12b.)

(12c.)

(12d.)

(12e.)



10.6. Effective halo-potential:

The plasma appears in form of an equilibrium:

[V P9+VPB+FB+pV(I>:0}

Therefore:
do_ 1(dP, dP, B’
—=—= + +
dr Pldr dr u,r

The rotation of stars follows the law of:
2 do

r)=r—
vi(r) T

10.7. Setting in of the outer profile:

For:
[pocr™]
and:
[Byocr ']
there is:
[Pgocr_z]
[Pyocr™?]

The magnetic pressure-term and the stress-term has to be considered together:

2

—dP,
dr

.|—B
u,r

)

Then there generates an effective contribution of:
[viff:2 cf+avﬂ

with:
[0<a<1] dependent from the geometry of the field.

10.8. New predictions of the model:
Ergo there is a term as follows:

2 2 2
v,=2c+av,

This is the central equation of the model. It says:
1. Hotter halo leads to higher rotation velocities,

2. Stronger odered magnetic field leads to higher rotation velocities.

3. Stronger turbulent field leads to less action.

11. Numerical evaluation of electromagnetic halo-model:

11.1. The determination of this simulation:

(13a.)

(13b.)

(13c.)

(5a.)
(13d.)

(14a.)
(14b.)

(15.)

(16.)

(17.)



The determination of this investigation is the calculation of the proposed rotation curves by a
magnetized plasma-halo.

The complete velocity then can be written by:

The halo contribution comes from a magnetohydrodynamic condition of equilibrium.

W

[V (P = Vi ()4 Vi (1) Vi ()]

dp GM (r)
eff —
dr + 0y rz =0
ith:
[Peff=Pg+PB+Pturb]

11.2 Numerical halo-profile:

For the plasma a co

11.3. Numerical integration-method:

___ Do
pilr)= (1+r/r.)

an:d a toroidal magnetic field:

B,
B¢(r)_1+r/rB

T}:1e Alfvén-velocity then is :

v, (r)= By(r)

V;“opg(r)

Mass of the halo is determined by:

A

M(r)=ax [’ p,(r)(rfar]

_fter this:

GM (r
vhalo(r>:\/ r( )+€Bv124(r)
ith:
€5

re-halo profile is used:

as geometrical coupling-factor of the ordered field-components.

11.4. Reference parameters:

(18.)

(19.)

(20.)

(21a.)

(21b.)

(21c)

(22a.)

(22b.)

I. Milkyway:
Parameter Value
Baryonmass 6x10"M,
Halo-core radius 8kpc
Halo-field (0.5-1)uG
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Temperature 3x10°K
II:Andromeda (M 31):
Parameter Value
Baryonmass 10" M o
Halo-core radius 10 kpc
Halo-field (0.5—-1)uG
Temperature 3X10°K
I11. Dwarf-galaxy DDO154:
Parameter Value
Baryonmass 3X10°M,
Halo-core radius 2 kpc
Halo-field (0.05—0.1)%myG
Temperature 5X10°K

Table I: Astrophysical initial data for halo-velocity calculation of three galaxies: Milkyway,

Andromeda )M31) and dwarf-galaxy DDO154.

11.5. Results:
The simulation generates [v(r)]

1. Inner increasing by baryonic disc.

2. Transition at some kpc.

3. Nearly constant velocity at outer rim.

Typical results are:

I. Milkyway:
Radius r in kpc Velocity v in km/s
2 120
5 190
10 220
20 220-230

I1. Andromeda (M31):

Radius r inkpc

Velocity v in km/s

5 190
15 240
30 230-250

I11. Dwarf-galaxy DdO154:

Radius r inkpc

Velocity v in km/s

1

20

3

40

11




8 50-60

Table II: Halo-velocity calculation in dependence of galactic halo-ratio for the same three
galaxies like in Table 1.

Partly result:
The curve for the dwarf-galaxy remains time-longer increasing as for spiral-galaxies.

12. Comparison to dark-matter-models (DMM):
12.1. Density correlations:

A NFW-Halo possesses:

Ps
= 23a.
Prew (r/r)(1+r/r,) (23a.)
The MHD-model uses instead:
p,oc(14rir,)? (23b.)
Both models generate:
[M(r)ocr] (23c.)

at the outer rim of the galaxies and therefore [v(r)~const.] .

The difference lies in the physical interpretation. In NFW there is as assumption additional (dark,
means unobserved) mass [7.],[8.] where in MHD-model as cause supposed is a magnetic plasma-
dynamics in a natural way after Occams Razor without addition of unneccessary assumptions (the
minimal model).

12.2. Possible model restrictions:

This available calculation only is a model-study. For a quantitative proof there must be added
following points:

1. Real profiles of gas-densities from observations.

2. 3-dimendsional magnetic-field geometries.

3. Cosmological developements of halo-plasma.

4. Turbulence and Reconnexion.

5. Comparison to large galaxy-samples.

12.3.Testable forecasts:
The model foresees, that:

Vir2drav) (17.)
and therefore:

lv..| should correlate with magnetic field strength of halo and order of field. This correlation can
be proved by future combinations of rotation curves, Faraday-rotation and radio-synchrotron
observations. The next importat scientific step would be, to:
1. Choose a concrete spot-check of galaxies, e.g. SPARTAC-databank.

12




2. For every galaxy puttingin (M,,,,q,(r));(v(r)) and existing magnetic field indicators.
3. A proof, if a lonely connection of [vi:2 o+ avﬂ reproduces the rotation curves.

Only this step would demonstrate, if the model carries any significance beyond the description of
the above mentioned three galaxies.

13. Outlook- criteria for a test of a spot-check for rotation-curves of galaxies:

13.1. Base of dates:

Suited would be a sampler of galaxies with following conditions:

1. Measured rotation curves of (v(r))

2.Baryonic mass-profiles.

3.HI-gas distributions.

4. possible informations about magnetic fields.

A suitable reference may be the SPARC-spot ckeck withdata of many spiral- and dwarf galaxies.
For every galaxy there are needed following astrophysical data:

[ri"vobs(ri>;Mbary(ri)}

13.2 Model-equation:

Used is:
[‘fnod(r):VlZJary(r>+V?VIHD(r)} (248)
with
GM_ (r) B(r) r\t
Vi (r CELAN Ay A|B(r)=B,|1+— 24b.
MHD( ) r Bﬂopg(r) ( ) 0 rB ( )

13.3. Test without a free adaption of curves:
The decisive restriction is, that there is no free fitting at (v(r)) allowed. The parameter only
come from:

(M, ]:[0,(r)];[B, ;[T

13.4. Expected scaling:
From the model follows, that:

Vi~2cl+av?)] (17.)
w@th:
BZ
Vi—m (25)
ergo:
kT B’
V,~4[2 R-'- O!‘uop (26.)

13.5. Three testing cases:

I. Case A: Massive spiralgalaxy:

Typical data:
[T=2x10°"];[B=1uG];[n=10"m’]

results in:

13



Thermical part of:
[vy~180km/s]
Magnetical part:
[v,~100—150km/s]
Therefore:
[v,~220—250km/s]
Expectation: flat curve.

II.Case B: M31-similiar galaxy:
[T=3%10°%];[B~1uG]

results in:
[v,~230—270km/s]

Expectation:

A little bit higher asymptotic velocities.

I11. Case C: Dwarf-galaxy:

[T=5%10"];[B=0.1uG]
results then in:

[v,;~40—70km/s]

Expectation:

[v(r)] increases slowly. Mentioned be, that some dwarf-galaxies like NGC 6503 come to outer-
rim velocities of about 100—120km/s . The MHD-model then must proven exactly to these
data. Particularly must be proven, if new data than Zwickys old measurments [9.] is available
about theoutrer rim velocities and the magnetic field of this dwarf-galaxy.

14. Critical comparison with BTFR:

The observation:
[M,ocv?] (27.)

must be explained.
The model demands:

[v2~ cf+ vﬂ (28a.)
If:

[B*cM,] (28b.)
and:

[poc M, "] (28c.)
follows:

[VZOCM;Q] (28d.)
ergo:

[M,ocv*] (27.)

This is an interesting testing point.

15. What now concretely has to be calculated:

Many galaxie with their conditions of (M,)(v,)(B)(T) in the model.
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Then must be calculated:

[AV:vmod_vobs] (29&)
and:
2
XZZ Z (vaZ vobs) (29b)

The next sensible step would be:

Choose a concrete small spot-check (e.g. 10 represemtative galaxies: large spiral-galaxies, LSB-
galaxies, dwarfs) and carries out the calculation with a unical parametrization, Then is sseen in a
clear way, if the model only is functioning for the three named galaxies or possesses a more
generalized scaling.

16. Summary:
Discussed is the velocity of stars in galactic halos not by explanation of an obscure supposion of a

unknown form of “dark® matter {10.],[11.] but by a more ,normal“ explanation in the sense of
Occams Razor not to multiply observed phenomena by too many unknown assumptions [12.],[13.].
Therefore an astrophysical model is constructed, where halo-stars are coupled via a MHD-model of
galactic nagnetic field to velocity laws .From this assumption some movement laws are derived and
the model is comparsed to the observed data of Milky Way, the neighbour spiral-galaxy of
Andromeda (M31) and a dwarf-galaxy, called: DDO154. Comparised are the halo-movement
velocities of the model and of measurement observations for these three galaxies to prove, if the
model fits the observed data or doesn‘t.

17. Conclusion and discussion:

For the mentioned three galaxies there are all known necessary astrophysical data used to proved
the constructed MHD-model. The description to other galaxies yet is not proven and must be
carried out intensively to prove or deny the representations in/of this theory or to look if
DMdrescription is less false then the MHC-model [14.],[15.].
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19. Non-scientific comment:

--- The tragedy of science is the killing of a beauty hypothesis by an ugly fact. --- T.H. Huxley
--- Some questions are longer than others. --- Apache proverb.
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