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A solar coronal mass ejection (CME) is a massive ejection of plasma from the Sun to the space.
In this article it is shown how a strong solar coronal mass ejection can eject dust from the
Moon’s Surface to the space. If this ejection occurs when the Moon is in specific regions of its
trajectory around the Earth, then this lunar dust can be gravitationally attracted to the Earth,
forming a dust shell at the Earth’s atmosphere, which can block the sunlight for some days.
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1. Introduction

Electromagnetic ~ waves  transport
energy as well as linear momentum. Then, if
this momentum is absorbed by a surface,
pressure is exerted on the surface. Maxwell
showed that, if the incident energy U is
totally absorbed by the surface during a
timet, then the total momentum q transferred
to the surface is q=U/v, where v is the

velocity of the photons [1]. Then, the
pressure, p (defined as force F per unit area

A), exerted on the surface, is given by
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In a previous paper [2], we have shown
that this pressure has a negative component
(opposite to the direction of propagation of
the photons) due to the existence of the
negative linear momentum transported by the
photons, shown in the new expression for
momentum q transported by the photon, i.e.,
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where f is the frequency of the photon and
f, is a limit-frequency, which should be of
the order of 10Hz or less; n,is the index of

refraction of the mean.
Equation above shows that for
f > f,/2 the resultant momentum transported

by the photon is positive, i.e., If this

momentum is absorbed by a surface, pressure
is exerted on the surface, in the same
direction of propagation of the photon. These
photons are well-known. However, Eq. (2)
point to a new type of photons when
f=1fy,/2.Inthiscase q=0, i.e., this type of
photon does not exert pressure when it
incides on a surface. What means that it does
not interact with matter. Obviously, this
corresponds to a special type of photon,
which we will call of neutral photon. Finally,
if f<fy/2 the resultant momentum

transported by the photon is negative. If this
momentum is absorbed by a surface, pressure
is exerted on the surface, in the opposite
direction of propagation of the photon. This
special type of photon has been denominated
of attractive photon.

2. Theory

It is known that the lunar dust results
of mechanical disintegration of basaltic and
anorthositic rock, caused by continuous
meteoric impact and bombardment by
interstellar charged atomic particles over
billions of years [3].

Dust can be ejected from the Moon’s
surface to the space when attractive photons
strike on it. In order to surpass the Moon’s
gravity the power dU /dtabsorbed by a dust

particle with inertial mass m;; must be,
according to Eq. (1), given by

du
E > UmoonCMig (3)



where g0, =1.622m.s 2.

Assuming that the dust grains are
submicron particles (size of the order

ofl0’'m), then we can write that
Mo =PV, = pp(gﬁ rS’);4><1(I Y¥%g. Substitution of
this value into Eq. (3) shows that, in order to
surpass the Moon’s gravity, the power

absorbed by the particle must satisfy the
following condition:

%—Ltj >10"watts (4)

Since the power absorbed by the particle is
only a fraction of the power transported by
the radiation, then it follows that the
radiation must have a power densityD,
greater than dU/A, dt (Ais the area of the

cross section of the dust particle). Thus, we
have

D> ay

Ap

Besides  this, the  photons  must
have f <<10Hz in order to be attractive

photons.

When occurs a solar Coronal Mass
Ejection, the plasma ejected from the Sun
interacts with the Sun’s magnetic field and
cyclotron radiation is emitted from the
particles of the plasma. Most of this radiation
has frequency f expressed by the following

equation [4, 5]

~10°watts/ m? (5)
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and, the intensity,|, radiated from each
particle, given by

_ meq*BAV?
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where q is the charge of the particle; V is its
velocity and m;q is its inertial mass at rest;
B is the intensity of the magnetic field.
Assuming that, g=e and m=m g0

then Egs. (6) and (7), give the following
values
f=1.5%x10'B (8)
and
B2v?

| =5.2x1078 W (9)

2
Thus, the total intensity, iy, Of the

radiation at the frequency f is

lotar =N (10)
where n is the number of particles with
M=Mpron, Which can obtained by the

following expression

n~ Meve (12)
mproton

M cme 1S the mass of the solar CME.

Substitution of Egs. (11) and (9) into
Eg. (10), gives

M B2 ?
I, ~5.2x10738| _CME 12
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The solar surface magnetic field is

around 1Gauss=10"*T, about twice as strong
as the average field on the surface of Earth
(around 0.5Gauss ). Thus, when the plasma is
ejected from the Sun, the frequency f of the

emitted radiation, according to Eq. (8), is
f ~1.5x10%. These photons are not

attractive, because as we have already seen,
attractive photons must have
frequency <<10Hz. However, after some
time of propagation the ejected plasma
reaches a region where the intensity of the

Sun’s magnetic field is about 10T ~. At this
place

the frequency f of the emitted radiation,
according to Eq. (8), is f =1.5Hz (See Fig.1).
If the solar CME occurred at the direction of
Earth, then a flux of these attractive photons
will strike on the Earth and also on the
Moon. But, in the case of Earth, it will be
absorbed by the Earth’s atmosphere (mainly
at the regions with high electrical
conductivity; Van Allen belts, lonosphere.).
This, obviously does not occurs at the Moon
atmosphere, and the flux arrives at the
Moon’s surface with a power density D,

which according to Eq. (12), is given by

*

The intensity of the solar magnetic field reduces with the
inverse-cube of the distance to the Sun’s center (r's). Thus,
the intensity | (See Eq. (7)) reduces with r® This means
that after the region where B= 107 T, the intensity of the
attractive radiation becomes much smaller than in the
mentioned region.
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If D =D>10°watts/m? (See Eq. (5)), then

the incidence of these attractive photons
upon the Moon will eject dust from the
Moon’s surface to the space, i.e., according
to Eq. (13), this will occur if

2
(%) >10% (14)
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) I hundreds of times smaller
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Fig. 1 — Schematic diagram showing a Solar
Coronal Mass Ejection at the direction of the Earth.
The intensity of the solar magnetic field reduces with
the inverse-cube of the distance to the Sun’s center
(r®). Thus, the intensity | (Eq. (7)) reduces with r®.

A large solar CME can expel more
than 10°kg of matter with speed over

3
3,000km.s ™ [6, 7]. In the case of a solar
CME with V =10,000kms ™, Eq. (14) gives

Mcwe >10%g (15)

A solar CME with the values of Vv and
M ,ce @bove mentioned can be considered a

very large solar CME.

There is no record if this type of solar
CME occurred in the past. However, if to
occur in the future, and if the ELF radiation
(f =z1.5Hz) emitted from the CME to hit the

Moon when it is traveling in specific regions
of its trajectory (See regions AB and CD in
Fig.2), then the dust ejected from the Moon's
surface to the space will be gravitationally
attracted to the Earth, forming a dust shell at
the Earth’s atmosphere, which can block the
sunlight for some days.
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Fig. 2 — If the ELF radiation emitted from the CME
to hit the Moon when it is traveling in the regions AB
and CD, then the dust ejected from the Moon's
surface to the space will be gravitationally attracted
to the Earth, forming a dust shell at the Earth’s
atmosphere, which can block the sunlight for some

days.
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A solar coronal mass ejection (CME) is a massive ejection of plasma from the Sun to the space.   In this article it is shown how a strong solar coronal mass ejection can eject dust from the Moon’s Surface to the space. If this ejection occurs when the Moon is in specific regions of its trajectory around the Earth, then this lunar dust can be gravitationally attracted to the Earth, forming a dust shell at the Earth’s atmosphere, which can block the sunlight for some days. 
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1. Introduction


          Electromagnetic waves transport energy as well as linear momentum. Then, if this momentum is absorbed by a surface, pressure is exerted on the surface. Maxwell showed that, if the incident energy 
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is the velocity of the photons [1]. Then, the pressure,
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(defined as force 
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), exerted on the surface, is given by
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          In a previous paper [2], we have shown that this pressure has a negative component (opposite to the direction of propagation of the photons) due to the existence of the negative linear momentum transported by the photons, shown  in the  new expression for momentum 
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where 
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 is the frequency of the photon and 
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 is a limit-frequency, which should be of the order of 10Hz or less; 
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is the index of refraction of the mean.

          Equation above shows that for 
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 the resultant momentum transported by the photon is positive, i.e., If this momentum is absorbed by a surface, pressure is exerted on the surface, in the same direction of propagation of the photon. These photons are well-known. However, Eq. (2) point to a new type of photons when 
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, i.e., this type of photon does not exert pressure when it incides on a surface. What means that it does not interact with matter. Obviously, this corresponds to a special type of photon, which we will call of neutral photon. Finally, if 
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 the resultant momentum transported by the photon is negative. If this momentum is absorbed by a surface, pressure is exerted on the surface, in the opposite direction of propagation of the photon. This special type of photon has been denominated of attractive photon. 

2. Theory 

          It is known that the lunar dust results of mechanical disintegration of basaltic and anorthositic rock, caused by continuous meteoric impact and bombardment by interstellar charged atomic particles over billions of years [3].

          Dust can be ejected from the Moon’s surface to the space when attractive photons strike on it. In order to surpass the Moon’s gravity the power 
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where 
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          Assuming that the dust grains are submicron particles (size of the order of
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. Substitution of this value into Eq. (3) shows that, in order to surpass the Moon’s gravity, the power absorbed by the particle must satisfy the following condition:



[image: image24.wmf](


)


4


10


9


watts


dt


dU


-


>




Since the power absorbed by the particle is only a fraction of the power transported by the radiation, then it follows that the radiation must have a power density
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is the area of the cross section of the dust particle). Thus, we have
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Besides this, the photons must have
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 in order to be attractive photons.  

          When occurs a solar Coronal Mass Ejection, the plasma ejected from the Sun interacts with the Sun’s magnetic field and cyclotron radiation is emitted from the particles of the plasma. Most of this radiation has frequency
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 expressed by the following equation [4, 5]
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and, the intensity,
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, radiated from each particle, given by
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where 
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 is the charge of the particle; 
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is its velocity and 
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 is its inertial mass at rest;  
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 is the intensity of the magnetic field.

          Assuming that, 
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, then Eqs. (6) and (7), give the following values
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Thus, the total intensity,
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, of the radiation at the frequency 

[image: image43.wmf]f


 is 




[image: image44.wmf](


)


10


nI


I


total


=


where 

[image: image45.wmf]n


 is the number of particles with 
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is the mass of the solar CME.


          Substitution of Eqs. (11) and (9) into Eq. (10), gives
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          The solar surface magnetic field is around 
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, about twice as strong as the average field on the surface of Earth (around 
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). Thus, when the plasma is ejected from the Sun, the frequency 
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 of the emitted radiation, according to Eq. (8), is 

[image: image53.wmf]3


10


5


.


1


´


@


f


. These photons are not attractive, because as we have already seen, attractive photons must have frequency
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. However, after some time of propagation the ejected plasma reaches a region where the intensity of the Sun’s magnetic field is about 
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the frequency 
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 of the emitted radiation, according to Eq. (8), is 
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 (See Fig.1). If the solar CME occurred at the direction of Earth, then a flux of these attractive photons will strike on the Earth and also on the Moon. But, in the case of Earth, it will be absorbed by the Earth’s atmosphere (mainly at the regions with high electrical conductivity; Van Allen belts, Ionosphere.). This, obviously does not occurs at the Moon atmosphere, and the flux arrives at the Moon’s surface with a power density 
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If  
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(See Eq. (5)), then the incidence of these attractive photons upon the Moon will eject dust from the Moon’s surface to the space, i.e., according to Eq. (13), this will occur if
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          A large solar CME can expel more than 
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          A solar CME with the values of 
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          There is no record if this type of solar CME occurred in the past. However, if to occur in the future, and if the ELF radiation (
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) emitted from the CME to hit the Moon when it is traveling in specific regions of its trajectory (See regions AB and CD in Fig.2), then the dust ejected from the Moon's surface to the space will be gravitationally attracted to the Earth, forming a dust shell at the Earth’s atmosphere, which can block the sunlight for some days.



[image: image70.emf]                                                                                             Sun                                                                                                                                                   Earth                               Moon                                                                                                                                                                               A                                               C            D       Fig. 2   –   If  the ELF radiation emitted from the CME  to hit the Moon when it is traveling in  the  regions AB  and CD, then  the dust ejected from the Moon's  surface to the space will be gravitationally attracted  to the Earth , forming a dust shell at the Earth’s  atmosphere,  which can block the sunlight for some  days.  


  g   


  Dust cloud      ejected from the           Moon  


  Earth’s      atmosphere  


  B  


  a + g ⊙  


⃒ a ⃒   ≳ ⃒ g moon ⃒          g     > a + g ⊙    




References 

[1] Henry, G. E., (1957) Radiation Pressure, Scientific 


      American, p.99.

[2] De Aquino, F. (2014) The Bipolar Linear Momentum


      transported by the Electromagnetic Waves, 


      http://vixra.org/abs/1402.0022; 

       https://hal.archives-ouvertes.fr/hal-01077208

[3] Heiken, Vanniman, and French (1991). Lunar 

       Sourcebook. Cambridge University Press. pp. 756 

       pages.

[4]  Halliday, D., Resnick, R. (1966) Physics,  John Wiley 


       & Sons, Inc, NY. Portuguese version, (1968) Ao Livro 


       Técnico, S.A, Rio de Janeiro, Brazil, Vol. II, p. 928. 

[5]  Landau, L., Lifchitz, E., (1974) Théorie du Champ, Ed. 


       MIR. Portuguese version, HEMUS, p. 260.


[6] Yashiro, S., Gopalswamy, N., Michalek, G., et al. 2004, 


      Journal of Geophysical Research (Space Physics), 109, 

     7105 

[7] Chen, P. F. 2011, Living Reviews in Solar Physics, 8, 1.













� The intensity of the solar magnetic field reduces with the inverse-cube of the distance to the Sun’s center (r-3). Thus, the intensity � EMBED Equation.3  ��� (See Eq. (7)) reduces with r-6.  This means that after the region where B( 10-7 T, the intensity of the attractive radiation becomes much smaller than in the mentioned region.



 







[image: image71.wmf]I


_1476546444.unknown



_1476635651.unknown



_1476682617.unknown



_1476895275.unknown



_1476895423.unknown



_1476895523.unknown



_1476930293.doc

                                      


                    Moon        Earth


                                    r


                                   




















                               Sun


Fig. 1 – Schematic diagram showing a Solar Coronal Mass Ejection at the direction of the Earth. The intensity of the solar magnetic field reduces with the inverse-cube of the distance to the Sun’s center  (r-3). Thus, the intensity 


[image: image1.wmf]I



 (Eq. (7)) reduces with  r-6.


B( 10-4 T









B( 10-7 T









 f ( 1.5Hz









 f ( 1.5(103Hz









 B <<10-7 T; 




 I  hundreds of times smaller









 f  <<1.5Hz














CME














_1476625386.unknown







_1477129953.doc

[image: image1.bmp]                                                   Sun








                             


                                                                    


                          Earth                           Moon


                                      


 


      


        A


               


                          C            D


Fig. 2 – If the ELF radiation emitted from the CME to hit the Moon when it is traveling in the regions AB and CD, then the dust ejected from the Moon's surface to the space will be gravitationally attracted to the Earth, forming a dust shell at the Earth’s atmosphere, which can block the sunlight for some days.







⃒a⃒ ≳⃒gmoon⃒     




 g ( >a+g⊙














 g(









 a+g⊙









 B









 Dust cloud




  ejected from the     




 Moon














 Earth’s    atmosphere
















_1476895496.unknown



_1476895305.unknown



_1476895073.unknown



_1476895191.unknown



_1476682727.unknown



_1476682797.unknown



_1476682526.unknown



_1476682601.unknown



_1476682609.unknown



_1476682532.unknown



_1476682495.unknown



_1476682503.unknown



_1476681681.unknown



_1476613515.unknown



_1476635050.unknown



_1476635551.unknown



_1476635642.unknown



_1476635189.unknown



_1476634991.unknown



_1476635022.unknown



_1476613854.unknown



_1476615473.unknown



_1476625386.unknown



_1476613752.unknown



_1476549485.unknown



_1476612727.unknown



_1476613336.unknown



_1476549712.unknown



_1476550136.unknown



_1476550154.unknown



_1476549552.unknown



_1476548239.unknown



_1476548514.unknown



_1476548206.unknown



_1476367953.unknown



_1476501488.unknown



_1476501732.unknown



_1476527253.unknown



_1476527274.unknown



_1476527001.unknown



_1476527022.unknown



_1476501656.unknown



_1476501692.unknown



_1476501586.unknown



_1476370427.unknown



_1476370438.unknown



_1476369627.unknown



_1476370141.unknown



_1455713629.unknown



_1476360868.unknown



_1476361097.unknown



_1455713641.unknown



_1452682493.unknown



_1452682917.unknown



_1452682926.unknown



_1452682768.unknown



_1452587320.unknown



_1452682470.unknown



_1452586503.unknown



