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Abstract

The studies of the glaciologists show that, since 30,000 years, the Earth rece-
ives every year approximately 40,000 tons of dust, dust with an average size
about 200 microns. By determining of which volume these 40,000 T come
and by showing that the density of this volume is significant within the den-
sity of the milky way, I have tried to estimate the mass of dust contained in
the Galaxy. To support that this density close to earth is representative, ar-
guments are given: 1) the distribution of great dust is largely homogeneous in
the galaxy (what does not exclude the existence of gas or dust clouds with
different densities in the milky way); 2) there would be a minimum size that I
have calculated for micrometeorites in the solar environment, and so there
would be a lack of the micrometeorites with a size between 5 and 50 microns.
So the density would not be greater in the solar system. Next, a very simple
rough calculation (as the one made by the observatory of Paris in 1910) al-
lows estimating this mass near 4 times that of the dark matter. So, the inters-
tellar dust with a large size (>200 y) could it be the missing mass? A verifica-
tion method is proposed to confirm or refute this hypothesis.

Keywords
Dark Matter, Dust, Galaxies: ISM

1. Introduction

Every year, the Earth receives 40,000 T of dust and this figure has not varied
since at least 30,000 years [1]. A study, in 2016 [2] of the marine sediments
shows there is not variation of this value since about 40 million years with a
maximum at the end of Eocene (35 Myr) and at the end of Miocene (8.2 Myr).
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In her thesis of 2010, Dobri¢a [3] specifies that on every m? it falls an average
of one micrometeorite every year (or 30.000 tons against only 10 tons of ma-
croscopic meteorites). They are too small so that we notice it (their size is about
200 microns). For example, during a collection in Antarctica in 2006, in 24 m® of
the filtered snow were extracted more than 1300 micrometeorites. This average
size of 200 microns does not correspond to what we suppose on the dark matter.

The dark matter is a category of hypothetical matter, used to explain astro-
physical observations where there is a missing mass, (for instance the element
abundances predicted by nucleosynthesis, the detailed form of anisotropies in
the cosmic microwave background particularly at redshift 1000, the estimations
of mass of the galaxies and of the clusters of galaxies to promote the initial
structure formation). But we can note that, in all these “particulate” or “gaseous”
observations, we do not find measures about dust greater than the micron.

Various hypotheses are explored on the composition of dark matter: molecu-
lar gas, dead stars, brown dwarfs in large numbers, black holes, etc. As we do not
find enough visible matter, astrophysicists suppose a non baryonic matter with
other particles, (e.g. neutrinos, axions, perhaps superpartners such as the neutra-
lino). These other particles are grouped in the generic name of “WIMP”.

The MOND theory is an alternative recipe for the missing mass [4]. This
theory says that this dark matter would not exist, and makes the hypothesis that
its existence would be due to a partial ignorance of laws of gravity.

Astrophysicists like Magnan, [5] consider that dark matter does not exist, that
it is an error resulting from a too big uncertainty which exists on the measures of
speeds and masses within the galaxies.

So, I had the curiosity to try to estimate the global mass of the dust in the Ga-
laxy with the approach used by the observatory of Paris in 1910 and compare it
with the mass of the dark matter. But first, we have to know if the density in the
solar environment would be representative of that of the Galaxy. For that, we
have to question the homogeneous distribution of dust and see if the size of dust

would be representative.

2. Dust Distribution in the Galaxy and Size of Dust
2.1. Global Homogeneity in the Galaxy

1) The calculation, resulting from the observation (estimation in 1910 of
10,000 T/year on the Earth [6]), gives an absorption of 2 magnitude by Kpc
(what means that a star situated near the galactic center in 8.5 Kpc undergoes an
extinction about 16 magnitudes and thus is often invisible). This extinction,
proportional to the distance, involves a homogeneous distribution of the dusts
between us and the galactic center.

2) We can cite the thesis of e.g. Arab [7] about the evolution of interstellar
dust. In this exhaustive thesis, he considers that the interstellar medium is con-
stituted by all the matter filling the space between the stars. This matter is made

of an extremely tenuous mixture of gas and dust of an atom/cm’. The dusts are
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solid particles with a size between the nanometer and the micron. Their small
size near the wavelengths of emission (<100 nm) explains their hotter tempera-
tures or around 17 k or around 30 k. There is a homogeneous distribution but
the dusts with a size greater than the micron are not considered.

3) Zagury [8] already finds incompatibilities between the standard theory of
the interstellar extinction and the observations. With the observations resulting
from the International Ultraviolet satellite, the extinction in the UV spectrum
with the 2200 A bump, .was studied for the nebulae, and in directions of low and
very low reddening. It is found that extinction occurs linear function from the
near IR to the extreme UV, what is incompatible with the standard theory of the
interstellar extinction. He notes that the observation of the reddened light from
the stars, is contaminated by the diffused light with a very low angle of diffusion.
He says this questions all the models of dust actually used since the consequence
is that there are no differences in average properties of the interstellar dust in
different directions. It is always written that “the interstellar dust represents a
very low part of the interstellar matter, essentially gaseous”. The quantity of dust
is constant, most probably because the distribution of the dust is at first glance,
homogeneous within the Galaxy.

4) Studies [9] [10] show an agitation of the dust and suggest a fragmentation
of the clouds of gas: on a line of sight, it is noticed that the intensity of the ab-
sorption lines of H,CO varies from one year to the next (the recording was made
during 18 years). It suggests turbulent movements of the interstellar matter
which cause a slow renewal on the line of sight which the authors attribute to the
movement of the earth around the sun and to the movement of the sun in the
Galaxy (20 km-s™" in the direction defined by a ~ 18 h and = 30°). But even if
the gaseous concentrations are variable, for the authors, “It seems thus finally
that in this type of cloud, the dusts are distributed in a relatively uniform way
and that there are no strong fluctuations”.

2.2. Size of the Dust

1) The old studies of the 1950s, for the particles “very large relative to the wa-
velength”, determined from the measures of the color indices [11], and from the
ratios of the absorption coefficients that there was no place for neutral absorp-
tion in the milky way [12]. However, there were few isolated studies as that of
Alter [13] which, depending on the galactic longitude, found a larger coefficient
of 0.83 mag/Kpc (instead of 0.17), which required a much higher mass of dust.
The conclusion by Delay in 1954 [14] of these studies is that, from the study of
the only absorption it is impossible to deduce what is the nature of the particles
responsible for the absorption.

2) It is written in 1946 that the dust cannot exceed a few thousand of
angstrom [15]. Gyngard [16] finds 25 microns in 2018 or Gregory in 2005 [17]
gives an approximate mass of 107" kg. The reason of the small size of the par-
ticles is explained by a balance between the growth of grains possible for every

atom except H and He when the temperature is greater than 10 - 20°K and the
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destruction by shocks or evaporation [15].

3) Also old studies show that the radiation pressure Pr on particles much
larger than the wavelength prevent the presence in space of particles of few tens
of microns. The particles are in balance between the radiation pressure Pr and
the gravitational force Fg; these two forces diminish with the square of the dis-
tance, so the ratio between Pr and Fg is constant [14]; when Pr overcomes, the
grains are pushed back to several parsecs from the star [18].

4) It is, however, interesting to determine the minimum radius r of grains that
will not be pushed back and will remain in the solar environment. A simple cal-
culation (see calculation in Appendix) allows setting the minimum radius r to
r=30T*R,/8GM,p (with o constant of Stefan, 7 temperature of the star, Ro
radius of the star with a mass Mo, G constant of gravitation and p density of the
grain); for the sun, r = 120p (so a radius of 120 y or a size around 240 y for an
object with density 1, a size of 64 y for a chondrite with a density 3.8 or 50 u for
a siderite with density 4.8). This minimum size is in conformity with the samples
taken by Dobrica in Antarctica(3), as well as the latest studies from the Cassini
spacecraft with the collection of 36 micrometeorites from outside the solar sys-
tem [19] and from the collection of dust in 2017 on the rooftops of several Eu-

ropean cities [20].

2.3. Finally about Homogeneity and Size

From these studies cited above in paragraphs 2-1 and 2-2, it appears: first, it is
reasonable to believe that the distribution of the dust is globally homogeneous
(what does not exclude the existence of gas or dust clouds) and that the observed
rate of dust impinging the Earth is representative of the Galaxy. We can note
that the recent hypotheses made only from the studies upon the gases (where we
do not find dust greater than the micron) cannot explain the 40,000 T annually
falling on the earth.

Second, there would be no a highter dust density around the sun since a cate-
gory for dust is under-represented. The old studies show the difficulty in study-
ing the neutral dust and determine for the small grains a maximum size near the
wavelength. It is important to note that a minimum size of micrometeorites can
also be calculated in the terrestrial environment. So, the particles of an approx-
imate size between 6 and 50 x would be under-represented. More specifically,
taking into account the increasing density, there would be a gradual decrease of
the quantity of dust from 240 u to arrive at a near absence to a size of 50 u (since
only the particles with a density greater than 5 could be smaller). It is thus as-
sumed that these particles of intermediate size would be more abundant at equi-

distance from the stars.

3. Approximate Calculation of the Mass of Dust of the Galaxy
3.1. At First, the Volume of the Galaxy Is to Determine

In the usual way for our Galaxy, its form can be approximated by an ellipsoid of
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revolution whose the equatorial radius is & = 50,000 ly and the polar radius R’
= 5000 ly. So, we obtain the volume Vg by multiplying twice the equatorial ra-
dius R by the polar radius R”.

Ve =(4/3)7R*x R"=5x10" m’ (1)

3.2. Secondly, It Is Necessary to Determine the Volumetric
Concentration of the Dust of the Galaxy

For calculating this value, we have to estimate from which volume come the
40,000 T of dust, every year received by the earth.

The earth in one year, is going to sweep the volume of a torus whose the large
radius R is the radius of the earth orbit and the small radius r of the torus is the
radius of the sphere in which the attraction of the earth is applied. This radius r
is difficult to estimate.

If we are considering that the dusts are in solar orbit, then it is necessary to
take the maximal radius of gravitational influence, with the points of Lagrange
L1 and L2 situated in approximately 0.01 UA = 1.5 millions km. But, this max-
imalist hypothesis can be ruled out because then, year after year, the Earth pass-
ing approximately in the same place, the collected quantity of dust would had
decreased and approached zero.

A possible calculation to have the largest volume, is to consider that the com-
ponent of the speed of the dust is zero in the plan of the ecliptic; and to take as
maximal distance the time to go to the Earth during its time of passage. At a
given point, we can supposed the earth have a maximal influence during its time
of passage Tp. Tp = diameter/speed = 12,000/30 = 400 s. This influence being
inversely proportional to the square of the distance, we are going to avoid an
integral calculation by making the approximation that the time of influence t
will be multiplied by two, sot =400s x 2 = 800 s.

The concerned dust will go to the Earth during this journey of 800 s. Even by
supposing the acceleration g of the gravity equal to that is to the surface of the
earth, so g = 10 m-s™> what is excessive, we arrive only at a traveled distance d of
3200 km (d = gt¥/2).

Then, we shall have, in priori a surface of sweeping in a high range by sup-
posing a small radius of the torus of 9500 km swept by the earth. (A similar cal-
culation had already been made in 1911 by Salet [6] of the Observatory of Paris
who, trying to calculate the absorption from the quantity of dusts annually re-
ceived by the earth (estimation in 1910 of 10,000 T every year), had made an es-
timation of the volume of space of which came these dust. He estimated the
earth received the dust in a radius x/x* = 1.2 ¢* with p the radius of the earth and
he multiplied by 5 the amount of dust to take into account the attraction of the
sun. So, he had found an equivalent radius of 11,914 km what is lightly superior
to the value I find, but in 1910, the galactic movement was not known and the
sun was supposed motionless.

The volume of the torus V#in which the dusts are collected by the earth is:
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Vt =27r2R = 2;;2(9.5x106)2x1.5x10” ~2.7x10%m’.

So, the volumetric concentration pg of the dusts in the space is:
pg =4x107/2.7x10%* ~1.5x10 " kg-m™ (2)

This value is very high (we usually count for the interstellar space an atom by
21

cm’ or approximately (1.67x10>'kgm™).

3.3. The Total Mass Mt of the Dust in the Galaxy Can Be Estimated
(1)(2) 2 Mt =Vgx pg = 7.5x10" kg

The visible mass of the Galaxy is considered near 4x10*kg [21] [22].
So, that of the dark matter, nearly 5 times larger, would be 2x10%kg, ie.
approximately 4 times smaller than the value that I have just calculated. Howev-

er this value has the same order of magnitude.

4. Hypotheses and Conclusion

The orders of magnitude, obtained by the calculations that have just been made,
invite reflection. They induce me to consider that the missing mass could be
found with a much more elaborate classical gravitational calculation than the
one I have just outlined, particularly with the inclusion of the detailed structure
of the Galaxy, an improvement by the glaciologists or geologists of the calcula-
tion of the dust amount annually received by the Earth and the measurement in
the space of the quantity of dust with a size greater than micrometer.

I am not the only one to question about the dark matter. But, perhaps, it is the
first study which estimates the galactic dust mass from the dust (>200 u) re-
ceived by the Earth and in this study, I am assuming the distribution of dust in
the Galaxy is globally homogeneous (what does not exclude local variations with
great clouds of gas or dust). This global homogeneity, even if I have cited several
studies in its favor, questions the standard theory of the interstellar extinction,
so, we have to be prudent. Other reason is that I am supposing the dust comes
from the outside of the solar system because the quantity of dust is constant
since 40 million years, but 40 million years is not a long time on the astronomi-
cal scale.

We can note that the calculation allows finding that the mass would exceed
the known values of the missing mass by at least four orders of magnitude. So, to
explain this excess of matter, we have to suppose that, either we are by chance in
an area of the Galaxy with a high density (it is unlikely), or the dust is mainly in
the interplanetary zone (this area could go very far beyond the Oort cloud). It is
then logical to think that this dust exists around each star. By multiplying this
amount of interplanetary dust by the number of stars, we would then find more
precisely the missing mass. This hypothesis has the advantage of preserving the
mechanisms already known from the observations on galaxies and their forma-

tion.
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A point for a hypothetical origin from the outside of the solar system is that
the IR radiation of the dusts is larger in the galactic plan and no in the ecliptic
plan (and so we could assume the maximum of micrometric dust is not in the
ecliptic plan).

But the best verification about these hypotheses could be given by the collec-
tion directly in the space and, so by the measurement of the density of the dust
inside the solar system. The minimal radius r of the dust in the solar environ-
ment would be around r= 120/ p (p = density of the micrometeorite).

And, if the dust is interplanetary, the density would be higher in the ecliptic
plan; if the dust is coming from a region more distant from the solar system, so
the density of the micrometric dust inside various points of the solar system (e.g.

inside and outside of the ecliptic plane) would be approximately constant.
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Appendix: Calculation of the Minimal Size of the Dust
around a Star

We have a body A with a size much larger than the wavelengths of the electro-
magnetic waves emitted by the star (otherwise the calculations are not valid).
The movement of this body A will be linked to the balance between the attrac-
tion force Fg of the star and the force Fr of the radiation flow from the star. The
force Frwill be proportional to the surface of the body A exposed to the flow and
will also depend on the albedo of A. We simplify the problem by considering
that the body A is spherical with an average radius r and we do not consider the
albedo. So, the surface of A which receive the energy is a hemisphere with a sur-
face 7r2/2. The received energy Erby the body A is:

E :(E) ROQ/RZ)(JNZ/Z). (E, ROQ/RQ) is the stellar flux at the la distance R
between the star and the body A (Fo: stellar flux at the stellar radius Ro). The
gravitational energy £, is: E, = (GM / R)(47rr3 o/ 3) with M mass of the star, G
constant of gravitation, p density of the body A. By equalizing £, and E, and by
posing Fo=oT", we obtain: r=3cT*R; /8 GMRp (3) with T temperature of
the star, Ro radius of the star, o = cte of Stefan. We want to calculate the mini-
mum radius r that allows the movement of an object towards the star. In this
case R=Ro, and so (3) becomes r=3cT" R,/8GM p (4) For the sun (4) can
be written r~126x10"/p meters or r~0.12mm/p (with T =5778K ,
Ro=695.5x10°m, M =1.99x10*"kg).
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