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Light Experiments Onboard Planets in the Milky Way Dark Matter Halo 

 

 
                               Abstract  

The sun and its planets are located in the middle of the galactic zone where non-luminous, 

gravitationally interacting particles are speculated to be very abundant. It is important to bear this 

in mind when counter-intuitive results are obtained from light experiments, as dark matter can 

provide a non-baryonic and transparent medium that can be planet bound. This contribution 

draws attention to laboratory experiments and astronomical observations that indeed appear to 

offer a proof of such a possibility. 

 
 

 

1. Introduction 

Although not yet firm dogma, the initial suggestions [1] more than seventy years ago and 

the further work on spiral galaxies by Rubin and others [2], has made the logical 

existence of non-luminous matter, called dark matter very compelling. This has inspired 

many scientific papers. Unless General relativity and Newtonian gravity are to be 

modified, e.g. as suggested in [3], additional matter exerting gravitational influence must 

be present in galaxies, other than the luminous matter seen in stars and interstellar gas. 

Many other lines of thought currently do not suggest that gravitational laws need to be 

modified, and the mainstream view today is that a considerable amount of dark matter is 

present and must increase in concentration from the centre of the galaxy outwards, 

forming a region described as the galactic halo around the galactic centre. 

 

The primary evidence for the proposition, follow from Newton's gravitational laws, 

which it can be recalled show that the orbital speed, v of a body under gravitational 

influence is related to the mass, M within the radius, r by 

              v
2
 = GM/r                                                                                          (1) 

 

Given the observed luminous matter present, the orbital speeds, v of outlying stars in 

galaxies are simply too high, suggesting that for Eq.(1) to hold, additional matter must be 

present within the gravitational radius, (i.e. higher M is required within the r), even if this 

is not luminous and directly observable. 

 

When the orbital speeds of stars or gas clouds in the Milky Way galaxy are plotted on the 

y-axis and their distance from the galactic centre plotted on the x-axis in what is called a 

galaxy rotation curve, what is observed and what is predicted by gravitational laws is 

illustrated in Fig.1. The discrepancy between the curves is attributed to the presence of 

dark matter. 
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Figure 1. Rotation curve of a typical spiral galaxy like the Milky Way: predicted curve is A and observed 

curve is B.  

 

Our Milky Way is a spiral galaxy, 50,000 light years in radius, with our sun along with its 

planets located about 25,000 light years from the centre, in the middle of the zone where 

the discrepancy is most prominent, which will therefore be in the midst of the dark matter 

dominated region (see Fig.1). The rotation curve for our galaxy is actually more wavy, 

suggesting a slightly more clumpy distribution of dark matter [4]. 

 

Speculations abound about what the particles of the dark matter could be, and a review of 

the subject can be found in [5],[6], among other sources. Of the features of dark matter, 

the most widely accepted in literature are first, its utter transparency, making it detectable 

only indirectly [7]; second, is its non-baryonic nature, i.e. it appears not made of atoms or 

sub-atomic particles like protons, electrons, neutrons, etc. [8]; third, the interaction of its 

particles with each other and with baryonic matter is only gravitational; fourth, is its easy 

permeability across baryonic barriers, making it difficult to be constrained and bounded 

by means other than by gravity. 

 

With this introduction, we point out in section 2, what this relative abundance of dark 

matter over baryonic matter may portend for those planets formed in the zone where the 

presence of dark matter is said to be most influential. Then in section 3, we do a brief 

overview of experiments whose outcomes have become fundamental to our 

understanding of light's dynamical behaviour. In section 4, the possibilities that need to 

be ruled out when drawing inferences from light experiments onboard planets in an 

environment where dark matter particles are abundant are discussed. We make some 

experimental suggestions in section 5 and reserve concluding remarks for the last section. 

 

2. Implication of dark matter abundance for planet formation 

According to models of galactic evolution, dark matter certainly existed in our galaxy 

alongside baryonic matter when the formation of our solar system started off within it [6]. 

It is suggestive from the models that dark matter serves as a clumping agent enabling 

celestial bodies to form. 

From the relative abundance of non-baryonic over baryonic matter in most galaxies, with 

the ratio looking higher than 9 to 1 in the halo zone [5],[6],[8], if stellar and planet sized 

matter clumps were to form in an evolving early galaxy, three possibilities can be 

expected in the circumstances. First is a predominantly dark matter body, second is a 

mixed-matter body, i.e. constituted by both baryonic and non-baryonic matter and third is 
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a body consisting only of the minority baryonic matter. On the balance of probabilities 

imposed by the preponderance of dark matter, the first and second varieties of stellar and 

planet sized matter clumps should be more commonly formed. Even in the case of the 

third variety of a purely baryonic planet sized object forming, it will be unique for it not 

to encounter and therefore gravitationally capture some non-baryonic content in the 

billions of years it would spend moving within its galaxy, thereby becoming eventually 

mixed. 

 

Additional attraction forces are present between baryonic particles other than just gravity, 

such as the electromagnetic and strong force, and these forces are stronger than gravity. 

Baryonic particles can therefore be expected to further form denser aggregations of 

matter than their non-baryonic counterparts. When considerations of density and particle 

speeds are therefore superposed on the generally acting gravitational constraint, this 

would increase the tendency for the denser particles, which also have additional attraction 

forces between them and those moving at slower speeds to gravitate towards the core of a 

mixed-matter planetary clump, while particles that are faster moving and less constrained 

by additional forces of attraction remain more peripheral. The result is that a mixed-type 

planetary body will settle over time to have a predominantly baryonic core and an 

atmosphere composed of a significant content of non-baryonic matter, along with the 

faster moving baryonic particles, e.g. in gaseous form. This is illustrated in Fig.2. 

 

 

                              
 

 

 

Figure 2. Showing a mixed-type planet, with a predominantly baryonic core and an atmosphere with non-

baryonic matter and baryonic matter in gaseous form. 

 

Recent papers, [9],[10] that have been brought to our attention are corroborative. In some 

of these a baryonic planet like earth can secondarily capture dark matter gravitationally, 

as it wanders within the Milky Way galaxy. Using different methods, estimates of ~ 10
-8

 

[9] to 10
-9

 [10] of the earth's mass have been suggested as the possible mass of this earth-

bound dark matter halo.  

 

3. An overview of experiments on the dynamical behaviour of light 

Light is propagated through space and the earth itself moves in space, it is therefore 

logical to expect that some influence of the earth's motion through the same medium in 

which light travels should be manifest in light arrival times. The effort to discover this 

effect is well described in [11]. 

 

The archetype of experiments to test this effect was that of Michelson and Morley [12], 

using the earth's orbital motion at 30km/s about the sun. Various versions of it, such as 

[13],[14] and [15] have also been performed. However, in all these experiments, the 

expected anisotropy of light speed due to the earth's motion is not convincingly 

demonstrated. 

 

Equatorial view             Polar view 
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Given as we now know that the sun and the Milky Way are themselves in motion, the 

earth's velocity in space (371km/s, from CMB dipole anisotropy [16]) is actually ten 

times more than the 30 kms
-1

 that was modestly being looked for. This implies that the 

earlier results obtained in Michelson-Morley type experiments are ten times even further 

indicative of nullity. This to an extent discredits arguments that perhaps the small values 

obtained in the experiments are significant enough to imply a non-nullity. 

 

Following the failure to detect this anisotropy, it was proposed that perhaps the 

luminiferous ether, the favoured candidate medium at the time could be bound to the 

earth as it moves, thus preventing the detection of anisotropy. The mechanism for this 

binding was that the ether medium would be dragged along by an effect which followed 

from Fresnel's formula, Eq. (2) [17], given by 

              cobs = cmedium + v(1-1/n
2
)                                                                    (2) 

 

where cobs is the observed velocity of light, cmedium is the velocity of light in the medium, 

n its refractive index and v is the speed of the medium relative to the observer and in the 

direction of the light. Using water as the matter medium, Fizeau [18] experimentally 

demonstrated the formula, showing that with source and receptor stationary in the 

laboratory but with the water moving relative to receptor, arrival time of a light beam was 

affected by the motion of the matter medium traversed by the light, i.e. cobs is affected by 

the motion of the medium towards or opposite the direction of light travel to the receptor. 

 

However, when the matter medium is stationary to both source and receptor in the 

laboratory, i.e. when v is zero in Eq.(2), Fizeau's experiment importantly implies that in 

spite of any other motion the laboratory and medium may have about earth centre, about 

the sun or in the galaxy,  the observed velocity will remain the velocity of light in the 

medium, i.e. cobs = cmedium if the medium was stationary to the source and receptor 

system. The proposal for 'earth-bound ether' stationary with respect to the observer was 

therefore a logical proposition to explain why the velocity of light that is experimentally 

observed in Michelson-Morley type experiments remained the same as the velocity of 

light in the medium despite earth motion. 

 

The earth-bound ether proposal however had some inconsistencies. Among others, the 

null results of the Michelson-Morley type experiments required that the light carrying 

medium be dragged along at the full velocity that the earth was moving, ruling out a 

partial dragging. From the Fresnel formula above, dragging light with its medium at this 

full velocity would require the medium having special properties, such as an unnaturally 

high, if not infinite refractive index so that the drag coefficient, (1-1/n
2
) can almost equal 

one. On the other hand, for the case of a non-refractive medium, i.e. one with n = 1, 

Einstein had pointed out in [19] that the drag coefficient will be zero and there would 

even be no dragging at all and in such a case, incoming light would arrive earlier or later 

depending entirely on the observer's velocity towards it and the Michelson-Morley results 

would not have been null. The mechanism by which the ether would be bound to the 

earth and dragged along at its full velocity to give the null findings was therefore 

discredited. 
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These inconsistencies led Einstein to the formulation of Special relativity [20], with the 

postulate that the velocity of light is constant and independent of the state of motion of 

the observer, i.e. arrival times of incoming light depended only on the distance at 

emission but is not dependent on whether the observer was stationary, moving towards or 

away from the incoming light after it has been emitted. This is known as the Lorentz 

invariance principle and it explained why observer motion had no influence on light 

arrival times. 

 

The substitution of the necessity for a medium with the Lorentz invariance principle did 

not go without opposition. One of the earliest challenges was that of Sagnac [21], who 

using a rotating turntable showed that counter-rotating beams arrived earlier or later to a 

receptor depending on whether the receptor was moving towards or away from the light 

beam, seemingly violating Lorentz invariance. This was a significant finding because 

even the Michelson-Morley experiment itself was a rotational experiment making use of 

the earth's orbital motion as a giant turntable. The formula for travel time differences due 

to rotation (with a relativistic correction) is given as 

              ∆t = (4Aω/c
2
)(1/(1-v

2
/c

2
))                                                                (3) 

 

Most rotational speeds are far smaller than light speed and therefore the relativistic 

correction, 1/(1-v
2
/c

2
) approximates unity. This recovers the original Sagnac formula 

              ∆t = 4Aω/c
2
                                                                                      (4) 

 

where ∆t is the travel time difference, A is the area enclosed by the light path, ω is the 

angular velocity of the receptor about a centre and c is the velocity of light in the 

medium, e.g. air, water, etc. The Sagnac formula is acceptable to both Special and 

Galilean relativity, although differences exist in its derivation by both theories. 

 

The angular velocity, ω in Sagnac's formula is the difference between the angular 

velocity of the rotating source-receptor on a turntable, ωs-r and the angular velocity of the 

light transmitting medium, ωmedium. That is 

            ω = ωs-r – ωmedium                                                                               (5) 

 

Sagnac believed in the presence of a background light-transmitting medium, the ether, 

hence the title of his paper. For a medium that exists but is not co-rotating with source 

and receptor, like the stationary ether assumption of Sagnac, ωmedium equals zero and so ω 

= ωs-r in Eq.(5). Thus, if the source-receptor system moved relatively to this stationary 

light-transmitting medium, ω will be non-zero in Eq.(5) and a travel time difference 

between counter-rotating light beams will be demonstrated according to Eq.(4), with light 

arriving earlier at the receptor rotating towards the light and delayed with the receptor 

rotating away from the incoming light (mirrors were used as receptors and fringe shifts 

for travel time differences of the waves). This has become known as the Sagnac effect. 

 

However, if a medium exists and it is also co-rotating with source and receptor at same 

angular velocity, then ω will be zero in Eq.(5) and thus in (4) as well, and therefore no 

Sagnac effect or travel time difference between counter-rotating beams will be observed 

in spite of a rotational motion being present.  
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To some extent the Sagnac challenge has been theoretically explained away by Special 

relativity theorists. In Special relativity, the existence of a medium is denied so in Eq.(5) 

ω is said to also equal ωs-r for a rotating turntable on earth, and on this premise, Special 

relativity predicts the same outcome as demonstrated in the Sagnac experiment. 

Why one set of counter-rotating beams would show a travel time difference as 

demonstrated by [21], and another set of counter-rotating beams would not, e.g. as in 

experiments with the beams oppositely directed in the east-west direction in Michelson-

Morley type experiments using earth rotation as turntable [13], cannot as yet be said to 

have been consistently explained by the logic used by Special relativity to explain 

Sagnac's findings. 

 

As no medium was found free of the earlier stated inconsistencies, and with the 

alternative interpretation of Sagnac's results by Special relativity despite its imperfection, 

the position in mainstream physics today is that the observed isotropy of light speed and 

the null Michelson-Morley finding is the consequence of the Special relativity principle 

of Lorentz invariance.  

 

Now ranged against this position are some experimental observations demonstrating 

anisotropy of light speed and which are inconsistent with the Lorentz invariance 

principle. For example, in pulsar timing observations the earthly motion of the observer 

towards or away from already emitted and in-flight light beams from pulsars, is known to 

actually cause travel time differences, with hastening or delay respectively of light arrival 

times, making it necessary that measurements be referred to a sun-centred frame, the 

barycentric dynamical time, to cancel the effect of the earth's motion and preserve the 

acknowledged regularity of source emission times [22]. Anisotropy of the cosmic 

microwave background radiation due to observer motion [16] has been mentioned earlier. 

These observations stand in stark contrast with the statement that, "But all experiments 

have shown that electromagnetic and optical phenomena, relatively to the earth as the 

body of reference, ARE NOT influenced by the translational velocity of the earth. The 

most important of these experiments are those of Michelson and Morley, which I shall 

assume are known. The validity of the principle of special relativity can therefore hardly 

be doubted" (see [23], p.27, for this quote by Einstein on which he expressly rests the 

validity of the Lorentz invariance principle on the assumption that whether earth was 

moving or not has no influence on optical phenomena). 

 

4. Possible participation of dark matter in light experiments 

On the premise that dark matter exists, the location of our planet where non-luminous, 

non-baryonic but gravitationally interacting particles are most plentiful suggests that we 

have to be circumspect about certain possibilities when drawing inferences from light 

experiments conducted within this galactic zone. 

 

First, it is important to exercise caution when we ascribe a value to the absolute velocity 

of light in "free space vacuum", i.e. in space devoid of all types of matter, baryonic or 

non-baryonic. The possibility exists that such "free space" values obtained from a 

terrestrial laboratory located in a zone where the abundant dark matter particles would be 



 7

contaminating the vacuum, may differ even if slightly so, from the value in space vacuum 

where dark matter can be completely excluded from the light path. Indeed, the author 

finds that while the value may be 299792458m/s in a terrestrial laboratory, in much freer 

space, light velocity can approach 299792458.2087m/s [24]. It is important to note here 

that dark matter falls within the scope of what Einstein referred to as 'ponderable matter' 

which can influence electromagnetic phenomena [23], p.97. 

 

Second, the possibility cannot be ruled out that since the dark matter particles can interact 

gravitationally, it can form a transparent, non-baryonic matter halo that can be bound to 

planets in this galactic zone. As a light-carrying medium, this would overcome one 

shortcoming of the luminiferous ether, which can only be bound by Fresnel's drag effect. 

 

The foregoing should serve to keep our mind ajar that perhaps the final choice is yet to be 

made between a medium and a new relativity principle concerning light's dynamical 

transformation, especially when counter-intuitive experimental outcomes are obtained in 

the laboratory on a planet located in the midst of abundant dark matter. 

 

5. Experimental suggestions 

In view of the possibilities pointed out above, experiments to differentiate purely 

baryonic planets from those that may have baryonic cores and substantial dark matter in 

their atmospheres are to be welcome.  To make the point clear and precise, if we start 

from a premise that there could be a transparent, non-baryonic, planet bound matter 

medium, what experiments do we perform onboard such a planet and what results would 

we obtain to confirm or refute this premise? 

 

One such experiment would involve checking for anisotropy due to planet rotation about 

its axis. 

 

 

 

 

 

 
Figure 3. Showing counter-rotating beams on a rotating planet's surface. 

 

For a purely baryonic planet, Fig.3(a), anisotropy of light speed for counter-rotating 

beams using the planet's rotation about its axis can be detectable. This is a Sagnac effect. 

However, for mixed planets, Fig.3(b), the planet's rotation would not show any such 

anisotropy for counter-rotating beams on its baryonic surface, if the non-baryonic 

planetary halo shares that same angular rotation as earlier discussed. 

 

For such mixed-type planets, ω will be zero in Eq.(5) and according to Sagnac's formula, 

if there are no differences in angular speed between source, receptor and light carrying 

medium, with all co-rotating with same angular velocity, no observable travel time 

difference due to rotation about the planet's axis will be observed. This experimental 

outcome is the same using both Sagnac and Fresnel's formulae.  

 

(a)                                           (b) 
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For light beams from a source stationed at an altitude, even mixed-matter planets will 

show a Sagnac effect due to the planet's rotation, if the source is above the co-rotating 

dark matter halo, as in this case the light traverses an intervening space not in co-rotation 

with the planet, see Fig. 4. 

 

 

 

 

 

 

 
 

Figure 4. Polar view, showing light traversing space to receptors on a planet rotating about its axis. 

 

This type of experiment would be useful for estimating the altitude where a 

gravitationally bound, co-rotating non-baryonic matter medium becomes influential to 

cause light speed isotropy, if this is present. In the Global Positioning System of satellites 

at high altitude above earth, a Sagnac effect with observable travel time difference due to 

the planet's rotation about its axis is indeed observable [25]. However, we do not yet 

know from how high above earth surface this effect becomes discernible since at earth 

surface no such effect is discernible due to earth rotation (which is the null Michelson-

Morley type findings). 

 

Thus, for a purely baryonic planet, both surface and high altitude light sources show a 

Sagnac effect, with observable travel time difference due to the planet's rotation about its 

axis. But on mixed-type planets, while one source located at an altitude above the planet's 

surface can show a Sagnac effect, another source much nearer the surface and within its 

dark matter halo does not show any travel time difference  due to planet rotation, because 

of the presence of the co-rotating transparent medium. 

 

The experiment of Michelson and Gale [26] claims to detect anisotropy due to earth's 

rotation about its axis, which is about 465m/s at the equator, suggesting that the earth 

would be a purely baryonic planet. Other experiments earlier referenced [13],[14],[15], 

with claimed sensitivities as low as 30m/s, however find no anisotropy due to this 

magnitude of earth rotation, contrary to the results of Michelson and Gale. 

 

This therefore leaves open whether or not our earth could be a purely baryonic planet or 

one having substantial dark matter in its atmosphere. The differentiating experiment 

would lie in resolving the contentious point, whether anisotropy of light speed due to 

earth rotation exists on earth surface as found in [26] or is absent as suggested by 

[13],[14],[15]. 

 

 

5. Concluding remarks 

In spite of the laudable aim to end controversies surrounding the experimental findings 

on light's dynamical behaviour using the Lorentz invariance mechanism, theoretical and 

experimental observations from time to time seem to suggest that the last may not have 
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been heard on whether physics should settle for this mechanism or for a medium of light 

propagation that can preserve invariance. 

 

For any candidate medium to compare favourably with the Special relativity principle, it 

must be able to accompany the earth at its full velocity, without the need for Fresnel 

dragging. In addition, it must be non-baryonic in nature, so that Michelson-Morley type 

experiments remain null in terrestrial vacuum. Such a medium must then be further 

capable of reconciling the null Michelson-Morley findings with others where the Lorentz 

invariance principle encounters difficulties, such as with pulsar light observations, 

influence of earth receptor motion on the Global Positioning System signalling and the 

CMB dipole anisotropy,  because in these cases, the earth's motion influences the optical 

phenomena contrary to the expectation in Special relativity. 

 

The motivation here is not to attack solid parts of physics, but to point out that some other 

realities, such as dark matter may be interfering with those parts of physics we all 

cherish, such as relativity be it Galilean, Special or General.  

 

On the premise that dark matter is present within our galaxy, the location of our planet in 

the galactic zone where these non-luminous but gravitationally interacting particles 

would be most abundant and the suggestions from peer-reviewed papers that our earth 

can have a halo of dark matter bound to it, an enhancement superposed on the existing 

background galactic dark matter halo, raises the risk that such dark matter can interfere 

with our earth-based light experiments. This possibility needs to be considered when 

discordant and counter-intuitive results are found with earth as the frame of reference in 

light experiments. 
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