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Abstract – In this article, realistic quantitative estimation of dark matter and dark energy considered as informational phenomena 
have been computed, thereby explaining certain anomalies and effects within the universe. Moreover, by the same conceptual 
approach, the cosmological constant problem has been reduced by almost 120 orders of magnitude in the prediction of the 
vacuum energy from a quantum point of view. We argue that dark matter is an informational field with finite and quantifiable 
negative mass, distinct from the conventional fields of matter of quantum field theory and associated with the number of bits of 
information in the observable universe, while dark energy is negative energy, calculated as the energy associated with dark 
matter. Since dark energy is vacuum energy, it emerges from dark matter as a collective potential of all particles with their 
individual zero-point energy via Landauer's principle.  
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1. Introduction 

The universe is filled with mysteries, and some of the darkest areas of it pertain to concepts like dark matter and dark 
energy. These dark phenomena are some of the deepest cosmic mysteries. Nevertheless, some informational 
perspectives shed light on dark matter, and dark energy, lifting the veil on the informational nature of these 
phenomena. 
 
Starting from the point, that, information entropy is equivalent to thermodynamic entropy when the same degrees of 
freedom are considered [1], the information entropy of the physical world is thus the number of bits needed to account 
for all possible microscopic states [1]. According to these perspectives and based on the mass-energy-information 
equivalence principle proposed by Vopson [2], a principle testable via a given experimental protocol [3], the entropic 
information theory approach [4] is a method that regards the mass of an information bit as definite and measurable, 
and which considers dark matter as being the number of bits of the observable universe computed by taking in 
consideration the mass of bit of information. This approach also computes dark energy, as the energy associated to 
dark matter via the Landauer’s principle [5]. 
 
In this article, we argue that dark matter is an informational field distinct from the conventional fields of the quantum 
field theory, having a finite and quantifiable negative mass, while dark energy, i.e., vacuum energy, is a collective 
potential of all particles with their individual zero-point energy, a negative energy, emerging from dark matter via 
the Landauer’s principle. 
 
After having estimate the dark matter as the number of bits, corresponding to the number of bits of information 
content of the whole observable universe, using the entropic information theory approach, an estimation of the dark 
energy has been computed, using the Landauer energy equivalent of the total information [6]. 



67 
Information, Dark Matter, Dark Energy and the Cosmological Constant 

The dark energy can be associated to the cosmological constant and the cosmological constant can be formulated to 
be equivalent to the zero-point radiation of space, i.e. the vacuum energy [7]. The dark energy, i.e. vacuum energy is 
associated to the cosmological constant being expressed into the Landauer energy equivalent, the Landauer energy 
equivalent of an elemental bit of information is defined in form and value identical to the characteristic energy of the 
cosmological constant [8].  
 
By taking in consideration the mass of bit of information instead of Planck mass in the prediction of the vacuum 
energy from a quantum point of view, this approach when applicated to the cosmological constant problem can reduce 
the discrepancy of the results by 120 orders of magnitude. 

2. Dark Matter as Information  

Dark matter is an elusive and as-yet-unidentified form of matter that cannot be directly observed or detected through 
electromagnetic radiation such as light or radio waves. The existence of dark matter was first proposed in the 1930s 
by Swiss astronomer Fritz Zwicky, who observed that the visible matter in galaxy clusters was not sufficient to 
explain the observed gravitational effects on the motions of galaxies within the clusters. Since then, numerous lines 
of evidence from astronomical observations have supported the presence of dark matter, including the way galaxies 
rotate, the gravitational lensing effects of galaxy clusters, and the large-scale structure of the universe. 
 
Vopson says that since for more than 60 years we have been trying unsuccessfully to understand what dark matter is, 
it could very well be information. "If the principle of mass-energy-information equivalence [2] is correct and 
information does have mass, a digital informational universe would contain a lot of it, and perhaps the missing dark 
matter could be just information," Vopson said [9].  
 
So, within this framework arises a fundamental question: 
 
“How many bits of information are contained in the observable universe?” 
 
Going back as far as the late 1970s, this question has been addressed in several studies and several answers have 
been given. For example, using the Bekenstein–Hawking formula for the black-hole entropy [10, 11] the information 
content of the universe has been calculated by Davies [12]. 
 

𝐼 ≈   
2𝜋𝐺𝑀௨

ଶ

ℎ𝑐
=  10ଵଶ 𝑏𝑖𝑡𝑠 (1) 

Where: 
c is the speed of light. 
G is the gravitational constant. 
h is Planck’s constant. 
𝑀௨ is the mass of the universe enclosed within its horizon. 
 
Wheeler’s approach which estimated the number of bits in the present universe at temperature T = 2.735 K from 
entropy considerations, resulting in 8 × 10଼଼ bits content [13].  
 
Lloyd which took a similar approach and estimated the total information capacity of the universe as [14]. 
 

𝐼 =  
𝑆

 𝑘 𝑙𝑛 (2)
≈  (𝜌𝑐ହ𝑡ସ) 

ଷ
ସൗ ≈  10ଽ 𝑏𝑖𝑡𝑠 (2) 

Where:  
S is the total entropy of the matter dominated universe.  
c is the speed of light. 
k is the Boltzmann constant.  
ρ is the matter density of the universe.  
t is the age of the universe at present.  
 
Now, we examine the same issue via the entropic information approach [4]. This approach is founded on considering 
the information such as the number of bits within a system necessary to specify the actual microscopic configuration 



 

among the total number of microstates allowed and thus characterize the macroscopic states of the system under 
consideration.  
 
The entropic information approach is based on the mass of information bit formula from mass-energy-information 
equivalence principle [2]. We start this entropic information approach by introducing the mass of information into 
the hidden thermodynamics of Louis De Broglie [15]. 
Entropy becomes a sort of opposite to action with an equation that relates the only two universal dimensions of the 
form: 

𝑎𝑐𝑡𝑖𝑜𝑛

ℎ
= −

𝑒𝑛𝑡𝑟𝑜𝑝𝑦

𝑘
 (3) 

Where: 
ℎ: Planck constant. 
𝑘: Boltzmann constant. 
With 𝑎𝑐𝑡𝑖𝑜𝑛 = 𝐸𝑛𝑒𝑟𝑔𝑦 ∗  𝑇𝑖𝑚𝑒. 
and 𝐸𝑛𝑒𝑟𝑔𝑦 = 𝑚𝑐ଶ. 
 
with mass of information bit: 

𝑚𝑎𝑠𝑠௧ =
𝑘 𝑇 𝑙𝑛(2)

𝑐ଶ
 (4) 

Where:  
𝑐: speed of light. 
𝑘: Boltzmann's constant. 
𝑇: the temperature at which the bit of information is stored. 
 

𝑎𝑐𝑡𝑖𝑜𝑛

ℎ
=

𝑚𝑐²𝑡

ℎ
= −

𝑒𝑛𝑡𝑟𝑜𝑝𝑦

𝑘
= − 

𝑘 𝑙𝑛 (𝑤)

𝑘
 (5) 

 

𝑎𝑐𝑡𝑖𝑜𝑛

ℎ
=

𝑚𝑐²𝑡

ℎ
=

𝑘 𝑇 𝑙𝑛(2)

𝑐²
𝑐²𝑡

ℎ
= −

𝑒𝑛𝑡𝑟𝑜𝑝𝑦

𝑘
= − 

𝑘 𝑙𝑛 (𝑤)

𝑘
 

(6) 

 
𝑎𝑐𝑡𝑖𝑜𝑛

ℎ
=

𝑚𝑐²𝑡

ℎ
=

𝑘 𝑇 𝑙𝑛 (2)𝑡

ℎ
= −

𝑒𝑛𝑡𝑟𝑜𝑝𝑦

𝑘
=  − 𝑙𝑛 (𝑊) (7) 

 

𝑙𝑛(𝑊) =  −
𝑘𝑇 𝑙𝑛(2)𝑡

ℎ
 

(8) 

Moreover, as since entropy is: 
𝑆 = 𝑘 𝑙𝑛 (𝑊) (9) 

 
We obtain a new value for the entropy S, expressed as the number of bits of information, with formula based on the 
hidden thermodynamics of Louis de Broglie [15] wherein the introduction of the mass of the bit of information gives: 
 

𝑘 𝑙𝑛(𝑊) = −𝑘
𝑘 𝑇 𝑙𝑛(2) 𝑡

ℎ
 

(10) 
 

 

𝑆 = − 𝑘ଶ
T ln(2)𝑡

ℎ
 

 

(11) 

Where:  
𝑘: Boltzmann's constant. 
ℎ: Planck constant. 
𝑇: the temperature at which the bit of information is stored. 
𝑡: time required to change the physical state of the information bit. 
 
Traditionally in thermodynamic terms, entropy is a measure of disorder or randomness in a system, negative entropy, 
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i.e., the negentropy, is uncommon, it implies a system becoming more ordered or less random, and typically it refers 
to systems that are gaining order.  
 
Something worth mentioning:  in the influential 1944 book "What is Life?", Erwin Schrödinger, a Nobel Prize-
winning physicist, proposed the concept that life sustains itself through negentropy [16]. 
 
In quantum information theory, we interpret negative entropy as "negative" information”, suggesting a process where 
quantum states are becoming less entangled or more distinct, leading to a decrease in the overall quantum information 
content. In terms of bits, this implies that fewer bits are needed to describe the system's state, indicating a movement 
toward a simpler or more predictable state, or indicating that the system is losing complexity. The entropic 
information theory approach [4] can formulate a set of five equivalent equations expressing entropy: Boltzmann, 
Einstein, Planck, Avogadro, and fine structure formulation as seen in Figure 1. 
 

 
 

Figure 1. New set of entropy formulation from Entropic Information Theory. 

 
The entropic information approach [4] can calculate an estimation of the bits of information contained in the 
observable universe from a new formulation of entropy, entropy based on the mass of the information bit: 
 

𝑆 = −𝑚𝑐ଶ
𝑘 𝑙𝑛(2) 𝑡

ℎ
 (12) 

 
We use the mass of the universe and the age of the universe for the calculations. It is well-accepted that the matter 
distribution in the Universe is 5% ordinary baryonic matter, 27% dark matter and 68%, dark energy [17]. For the 
observable universe, we estimate its mass of "ordinary" matter at 1.25 × 10ହଷ kg, knowing that it is estimated that 
the universe is made up of only 5% ordinary matter, the total mass of the universe would therefore be 20 times greater. 
This gives us a total mass (dark energy and dark matter included) of 2.78 × 10ହସ  kg. 
 

𝑚𝑎𝑠𝑠௨௩ = 2.78 × 10ହସ 𝑘𝑔 
 
For the age of the universe, we use 13.8 billion of years, which expressed in seconds is: 



 

 
𝑡௨௩ = 4.35486 × 10ଵseconds 
 

−
ଶ.଼  ଵఱర×  ଶଽଽଽଶସହ଼మ× ଵ.ଷ଼ସଽ ଵషమయ × ୪୬(ଶ) × ସ.ଷହସ଼ ×ଵభళ 

.ଶଵହ × ଵషయర = −1.57056 × 10ଽଽ bits 

 
(13) 

The estimation of the number of bits of information in the observable universe based on new entropy formula from 
entropic information theory approach [4], with 𝑚𝑎𝑠𝑠௨௩ = 2.78 × 10ହସ 𝑘𝑔 and 𝑡௨௩ = 4.35486 × 10ଵ 𝑠𝑒𝑐𝑜𝑛𝑑𝑠, 

the result  is " − 1.57056 × 10ଽଽ bits”. 

𝑆 = −𝑚𝑐ଶ
𝑘 𝑙𝑛(2) 𝑡

ℎ
 (14) 

N.B: The relationship between thermodynamic entropy S and Shannon entropy H given by S =k H ln(2) is not used 
to convert the result into informational terms because the result of the entropic information theory [4] approach to 
entropy is expressed in informational terms, indeed it is the mass of the bit of information that has been implemented 
into the initial equation considered, the hidden thermodynamics of louis de Broglie [15], so the results of the entropy 
are expressed in the number of bits as the theory of entropic information is based on the number of bits of the system, 
the number of bits necessary to specify the real microscopic configuration among the total number of microstates 
allowed and thus characterize the macroscopic states of the system considered.  
 
The absolute value of the number of   " − 1.57056 × 10ଽଽ bits” is the estimated number of bit content of the 
observable universe  computed by the entropic information theory [4] approach, being remarkably close to an 
estimate of the information bit content of the universe with 5.2 × 10ଽସ bits that would be sufficient to account for 
all the dark matter missing in the visible universe following Vopson using the reasoning developed in [18, 19]. The 
negative sign of this number indicates a movement towards a simpler or more predictable state, indicating that the 
system is losing its complexity. 
 
Vopson estimated that around 5.2 × 10ଽସ bits would be enough to account for all the missing dark matter in the 
observable universe [17, 18]. The estimated bit content of the observable universe from the entropic information 
theory approach is the absolute value of the number " − 1.57056 × 10ଽଽ bits”, while the negative sign indicates a 
movement towards a simpler or more predictable state, implying that the system is losing its complexity. 

3. Dark Matter as Negative Mass  

We can note about the dark matter estimation by the number of bits of information in the observable universe based 
on the “Einstein entropy formulation” from the entropic information approach, the presence of a negative sign, 
relative to dark matter with negative mass. 

𝑆 = −𝑚𝑐ଶ
𝑘 𝑙𝑛(2) 𝑡

ℎ
 (15) 

The presence of this negative sign come from the use of the formula of Louis de Broglie, about the hidden 
thermodynamics [15] into which was injected the mass of the information bit [2]. About this “Einstein entropy 
formulation” obtained by the entropic information approach, the negative sign refers to a state in which the disorder 
or randomness of a system decreases, or the uncertainty or information content decreases, implicating a movement 
towards a more organized, structured, or predictable state. The ln(2) factor comes from defining the information as 
the logarithm to the base 2 of the number of quantum states [20]. 
 
In theoretical physics, negative mass is a hypothetical type of exotic matter whose mass is opposite sign to the mass 
of normal matter. In 1928, Paul Dirac's theory of elementary particles, now part of the Standard Model, already 
included negative solutions [21]. The Standard Model is a generalization of quantum electrodynamics (QED) and 
negative mass is already built into the theory.  
 
The idea of negative mass arises from certain solutions to the equations of general relativity, the theory of gravity 
formulated by Albert Einstein.  
 
The idea of connecting negative mass to dark matter comes from attempts to explain some of the observed behaviors 
of dark matter in the universe. One of the significant challenges in understanding dark matter is that it appears to 
exert gravitational forces on visible matter, such as galaxies, causing them to move differently than what would be 
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expected based solely on the visible mass distribution. This discrepancy is known as the "missing mass problem" or 
the "galaxy rotation problem." 
 
The observed discrepancies in galactic rotation curves can be explained by the negative mass which interacts with 
ordinary matter, and potentially generates gravitational repulsion between negative and positive masses, this 
repulsion can then counterbalance the gravitational attraction of visible matter.  

4. Dark Energy as Vacuum Energy 

Information entropy is equivalent to thermodynamic entropy when the same degrees of freedom are considered [1]. 
Indeed, Boltzmann's entropy formula can be derived from the Shannon entropy formula when all states are equally 

probable. If you have W microstates equiprobable with probability 𝑝= 1 𝑤ൗ , then: 
 

𝑆 = −𝑘 ∑ 𝑝  𝑙𝑛(𝑝) = k ∑
((ௐ))

ௐ
  =   𝑘 𝑙𝑛(𝑊) (16) 

 
If we consider the simplest case where there are 2 equally likely microstates, the entropy is: 

𝑆 = 𝑘 𝑙𝑛(2)  (17) 
This corresponds to 1 bit of information because there are 2 possible states (0 or 1). The information entropy of the 
physical world is thus the number of bits needed to account for all possible microscopic states [1]. 
 
We have already computed the number of bits of information in the observable universe based on the “Einstein 
entropy formulation” from the entropic information approach, as being dark matter, now, we focus to the notion of 
energy related to this number of bits as the Landauer's principle identifying temperature as the only parameter 
connecting information to energy. 
 
The Landauer’s principle states that any irreversible computation or erasure of information in a physical system must 
dissipate a minimum amount of energy, which is given by: 
 

∆𝐸 = 𝑘 𝑇 ln(2) (18) 
 
Where: 
ΔE is the minimum energy dissipation.  
k is Boltzmann's constant.  
T is the temperature of the system in Kelvin. 
ln(2) is the natural logarithm of 2 (approximately 0.6931). 
 
The ln(2) factor comes from defining the information as the logarithm to the base 2 of the number of quantum states 
[19]. 
 
Landauer’s principle applies to all systems in nature so that any system, temperature T, in which information is 
‘erased’ by some physical process will output  k T ln(2) of heat energy per bit ‘erased’ with a corresponding increase 
in the information of the environment surrounding that system [5]. Landauer’s principle can be derived from 
microscopic considerations [22] as well as derived from the well-established properties of the Shannon-Gibbs-
Boltzmann entropy [23]. Landauer's principle has now been experimentally verified for classical bits and quantum 
qubits [23, 24]. The Landauer Principle reveals the fundamental connection between information theory and the laws 
of thermodynamics. This important physical prediction that links information theory and thermodynamics was 
experimentally verified for the first time in 2012 [25]. 
 
Information is therefore directly bound up with the fundamental physics of nature.  
 
We obtain the equivalent Landauer energy of a fundamental bit of information in a universe at temperature, 𝑇௨௩, 
𝜌௧௧ is the total density of matter in the universe (baryon + dark). 
 



 

 𝑘 𝑇௨௩  𝑙𝑛(2) =  ඨ
15 𝜌௧௧ℏଷ𝑐ହ

𝜋ଶ

ర

ln(2)  (19) 

 
This Landauer energy of a fundamental bit is defined identically to the characteristic energy of the cosmological 
constant, which is closely associated with the concept of dark energy [8]. 
 
The right-hand side of this equation is identical to equation 17 of [26] for the characteristic energy of the cosmological 
constant - with the sole addition of ln(2) to convert between entropy units - between natural information units, nats, 
and bits [8].  
 
The formula of total information equivalent energy, is given by Landauer’s principle [8]: 
 

𝑁௧௦ 𝑘 𝑇௨௩  𝑙𝑛(2) (20) 
𝑇௨௩ = 2.725 𝐾 
 
𝑁௧௦ = −1.57056 × 10ଽଽ , the value obtained for the estimation of the number of bits corresponding to all the 
content of the whole observable universe, considered as Dark matter. 
We obtain, 

−1.57056 × 10ଽଽ × 1.380649 × 10ିଶଷ ×  2.725 × 𝑙𝑛(2) = −4.09569 × 10 Joules (21) 
The estimation of the energy associated with the number of bits of information of the observable universe based on 
the entropic information theory and the Landauer’s principle 𝑁௧௦ 𝑘 𝑇௨௩  𝑙𝑛(2) with temperature of universe, 
𝑇௨௩ = 2.725 𝐾 is −4.09569 × 10 Joules. 
 
The dark energy density in the universe is about 7×10ିଷg/cm3 on average. This is uniform throughout the Hubble 
volume of the entire universe i.e. the volume of the universe with which we are in causal contact. The Hubble volume 
is 10ଷଵ 𝑙𝑦ଷ i.e., cubic light years. This gives 8.46732×10଼ସ 𝑐𝑚ଷ as the volume of the universe. Using the mass-
energy equivalence, you find that the total dark energy content in the entire universe is around 10ଽJoules. 
 
The entropic information theory can provide a quantitative account for dark energy, accounting for the present dark 
energy value, ∼10ଽ Joules. The entropic information theory provides an estimation of −4 × 10 Joules, close to 
this estimation. 
 
The dark energy is the estimation of the Landauer energy equivalent of the total information of the observable 
universe, the estimation of the energy associated to dark matter by the Landauer principle, thus, dark energy is the 
estimation of the energy associated with the number of bits of information in the observable universe based on the 
“Einstein entropy formulation” from the entropic information approach. 
 
See Table 1 About value over time and temperature of dark energy, the Landauer energy equivalent of the total 
information of the observable universe, the estimation of the energy associated to dark matter by the Landauer 
principle, according to the formula of dark energy based on Landauer’s principle from the entropic information theory 

with this formula: − mcଶ ୩ ୪୬(ଶ)୲

୦
 k T ln (2).  

 
Table 1. Value over time and temperature of the dark energy, Landauer energy equivalent of the total information of the observable universe, from the entropic 

information theory: − 𝑚𝑐ଶ  (ଶ)௧


 𝑘 𝑇 ln (2). 

Time 13,8 billion years 380000 years 3 minutes 
t(sec) 4.35486 E+17 1,1991642 E+13 180 

Temperature (T) 2.725 3000 1,00 E+9 
Mass (m) 2.78E+54 2.78E+54 2.78 E+54 

Speed of light ² (c²) 8.98755E+16 8.98755E+16 8.98755 E+16 
Boltzmann constant (k) 1.38 E-23 1.38 E-23 1.38 E-23 

ln(2) 0.69347 0.69347 0.69347 
Planck constant (h) 6,63 E-34 6,63 E-34 6,63 E-34 

Dark energy 

−mcଶ
k ln(2) t

h
 𝑘 𝑇 ln (2) 

 
-4.09569 E+76 

 
-1.2416 E+75 

 
-6.2124 E+69 
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The dark energy can be associated to the cosmological constant and the cosmological constant can be formulated to 
be equivalent to the zero-point radiation of space, i.e., the vacuum energy [7]. 

5. Dark Energy as Negative Energy  

The dark energy being the energy associated to dark matter, we can note about the dark energy estimation, estimation 
of the energy associated to dark matter by the Landauer principle based on the “Einstein entropy formulation” from 
the entropic information approach, the presence of a negative sign concerning dark energy, relative to negative energy. 
 
Concerning negative energy, currently, the closest known real representative of such exotic matter is a region of 
negative pressure density produced by the Casimir effect. It's important to note that while the Casimir effect is a 
result of negative energy considerations, it is a real and experimentally confirmed phenomenon. Indeed, in line with 
Casini and Bousso's works [27-35] on the positivity of quantum relative entropy, which establishes the validity of 
the Bekenstein bound, the employed framework enables an understanding of the Casimir effect, wherein the localized 
energy density falls below that of the vacuum, indicating a negative localized energy.  
 
In physics, the negative energy is a concept used to explain the nature of certain fields, including the gravitational 
field and various quantum field effects. Negative energies and negative energy density are consistent with quantum 
field theory [36].  

6. Vacuum Energy, Cosmological Constant, and information 

The cosmological constant (CC) term in Einstein’s equations, Λ, was first associated to the idea of vacuum energy 
density. The zero-point-energy is usually supposed to contribute to the cosmological constant. The mismatch between 
the small cosmological constant compared with the huge zero-point-energy is considered as one of the most serious 
problems in physics. Essentially, a non-zero vacuum energy is expected to contribute to the cosmological constant, 
which affects the expansion of the universe. Using quantum field theory, one can calculate the quantum mechanical 
vacuum energy (or zero-point energy) for any quantum field. The result of this calculation can be as high as 120 
orders of magnitude larger than the upper limits obtained via cosmological observations.  
In quantum mechanics, the vacuum energy is not zero due to quantum fluctuations. The ground state energy of the 

harmonic oscillator is 
ℏఠ

ଶ
 in contrast to the classical harmonic oscillator whose ground state energy is zero. The 

formalism of quantum field theory makes it clear that the vacuum expectation value summations are in a certain sense 
summation over so-called "virtual particles". Quantum fields can be described as an infinite collection of harmonic 
oscillators, so naively the vacuum energy, which would be a sum over all the harmonic oscillator ground state 
energies, should be infinite. But, in practice, we would expect the sum to be cut off at some energy scale above which 
the true fundamental theory must be invoked. 
The cosmological constant Λ was introduced by Albert Einstein into general relativity in 1917. Including the 
cosmological constant, Einstein’s field equations are: 
 

𝑅ఓ௩ −
1

2
𝑔ఓ௩𝑅 + 𝛬𝐺ఓ௩ = −

8𝜋𝐺

𝑐ସ
𝑇ఓ௩ (22) 

  
The cosmological constant can be interpreted as the energy density of the vacuum. Specifically, if we introduce 
 

𝑇ఓ௩
௩௨௨ =

𝑐ସ𝛬

8𝜋𝐺
𝑔ఓ௩ 

(23) 
 

 
Then (22) can be rewritten as 

 

𝑅ఓ௩ −
1

2
𝑔ఓ௩𝑅 + 𝛬𝐺ఓ௩ = −

8𝜋𝐺

𝑐ସ
 ൫𝑇ఓ௩ +  𝑇ఓ௩

௩௨௨൯ 
(24) 

 
if we compare (23) with the energy-momentum tensor of a perfect fluid, 

 

𝑇ఓ௩ = ቀ𝜌 +
𝑝

𝑐ଶ
ቁ 𝑢ఓ𝑢௩ − 𝑝𝑔ఓ 

(25) 



 

 
then we would conclude that the energy density of the vacuum is: 

 

𝑐ଶ𝜌௩ =
𝑐ସ𝛬

8𝜋𝐺
 

(26) 

 
and the equation of state of the vacuum is 𝑝 = 𝜌𝑐ଶ. 
 
The current astrophysical data can be interpreted as being consistent with a nonzero value of the cosmological 
constant. The latest data can be found in the table of Astrophysical constants and parameters in [37]. This table 
includes the following two entries, 

𝑐ଶ

3𝐻
ଶ = 6.3 ± 0.2  10ହଵ 𝑚ଶ (27) 

 

𝛺௸ = 0.685ି.ଵ
ା .ଵ (28) 

 

where Ωஃ ≡
ఘೡೌ

ఘ,బ
=

ஃమ

ଷுబ
మ  and 𝐻 is the present-day Hubble parameter.  

 

The vacuum energy density is given by (26) and the critical density today is given by  𝜌,
ଷுబ

మ

଼గ
 

 
Hence 

𝛺௸ =  
𝜌௩

𝜌,
=

𝛬𝑐ଶ

3𝐻
ଶ (29) 

 
Employing the numbers given in eq. (27) and (28), it follows that: 

 

𝛬 =
3𝐻

ଶ

𝑐ଶ
 𝛺௸ = (1.09 ± 0.04) 10ିହଶ 𝑚ିଶ 

(30) 

 
Using (30), we obtain, 

 

𝜌௩ =  
𝛬𝑐ଶ

8𝜋𝐺
=  

(1.1  10ିହଶ 𝑚ଶ) (3  10଼ 𝑚𝑠ିଵ)ଶ

8𝜋(6.673 10ିଵଵ 𝑚ଷ𝑘𝑔ିଵ𝑠ିଶ)
= 5.9  10ିଶ 𝑘𝑔 𝑚ିଷ 

(31) 

 
Thus, the numerical value of the vacuum energy is:  

 
𝜌௩𝑐ଶ = 5.31  10ିଵ 𝐽 = 3.32 𝐺𝑒𝑉 𝑚ିଷ 

(32) 

 
after using the conversion 1 𝐸𝑣 = 1.6 x 10ିଵଽ 𝐽 and 1 𝐺𝑒𝑣 = 10ଽ 𝑒𝑉 . 
 
In order to see whether this vacuum energy is large or small, we need to invoke quantum mechanics. In quantum 
mechanics, there is a natural association between length scales and energy scales. The key conversion factor is: 
 

ℏ𝑐 = 197 𝑀𝑒𝑉 𝑓𝑚 = 1.97  10ି 𝑒𝑉𝑚 (33) 

where 1 𝑓𝑚 =  10ିଵହ 𝑚. 
 
Thus: 

1 𝑚 =  ℏ𝑐(5.08  10ି 𝑒𝑉ିଵ) (34) 
 
Using this conversion factor, we can write, 

 (35) 
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𝜌௩𝑐ଶ =
3.32  10ଽ 𝑒𝑉

(ℏ𝑐)ଷ (5.08  10ି)ଷ
=  

(2.24  10ିଷ 𝑒𝑉 )ସ

(ℏ𝑐)ଷ
 

 
Given our lack of knowledge of the fundamental theory above the Planck energy scale, a reasonable first guess would 
be to cut off the vacuum energy sum at the Planck scale. Thus, the “prediction” of quantum mechanics is that the 
energy density of the vacuum due to vacuum fluctuations should be roughly given by: 
 

𝜌௩
ொெ

 𝑐ଶ ~ 
𝑀𝑐ଶ

𝐿
ଷ = ቆ

ℏ𝑐ହ

𝐺
ቇ 

ଵ
ଶ  ቆ

𝑐ଷ

ℏ𝐺
ቇ 𝑐ଶ = ቆ

ℏ𝑐ହ

𝐺
ቇ ଶ  

1

(ℏ𝑐)ଷ
=  

(𝑀𝑐ଶ)ସ

(ℏ𝑐)ଷ
 (36) 

 
Putting in the numbers, 

𝜌௩
ொெ

 𝑐ଶ ~ 
(1.22  10ଵଽ 𝐺𝑒𝑉 )ସ

(ℏ𝑐)ଷ
=  

(1.22  10ଶ଼ 𝑒𝑉 )ସ

(ℏ𝑐)ଷ
 (37) 

 
Thus, the quantum mechanical prediction for the vacuum energy is given by (37). How good is this prediction? Let 
us compare this to the observed vacuum energy given in (35): 

 

𝜌௩𝑐ଶ

𝜌௩
ொெ

𝑐ଶ
=  ቆ

2.24   10ିଷ

1. 22  10ଶ଼ ቇ

ସ

= 1.13  10ିଵଶଷ 
(38) 

 
The observed vacuum energy density is a factor of 10ଵଶଷ smaller than its predicted value! 
This is by far the worst prediction in the history of physics!! So, how do we fix this? 
 
It is believed that there exists some mechanism that makes Λ small but non-zero. 
 
The order of the obtained result is dictated by the utilization of the Planck mass in the calculation, indeed, with the 
𝑀 = 2.177x 10ି଼  𝑘𝑔 which multiply the value of conversion between kilograms and electron volt:  
 
1 𝑘𝑔 = 5.60958616721986  x 10ଷହ 𝑒𝑉, we obtain: 
 

𝑀 =  5.60958616721986   10ଷହ ×  2.177  10ି଼ =  1.221297 × 10ିଶ଼   𝑒𝑉 (39) 
 
But if we do the calculation with the replacement of 𝑀 by 𝑀௧ = 2.91 × 10ିସ 𝑘𝑔 𝑎𝑡 𝑇 = 2.73 𝐾  [2] multiply 
by the value of conversion, kg to eV:  
 
1kg=5.60958616721986   10ଷହ  eV, we obtain  
 

2.91 ×  10ିସ  ×   5.60958616721986 × 10ଷହ   = 0.00016323895 𝑒𝑉 (40) 
 

𝜌௩𝑐ଶ

𝜌௩
ொெ

𝑐ଶ
=  ቆ

2.24 ×  10ିଷ

1.6323895 ×  10ିସቇ

ସ

= (13.7222151944)ସ = 3.54565848944 ×  10ସ 
(41) 

 
The cosmological constant requires that empty space takes the role of gravitating negative masses which are 
distributed all over the interstellar space as first stated by Einstein [38, 39]. 
 
By taking account of the mass of the bit of information instead of the Planck mass in the cosmological constant 
calculation we have reduced the discrepancy of 120 orders of magnitude in the prediction of the vacuum energy from 
a quantum perspective. 

7. Conclusions 

In this article, we have computed realistic quantitative estimations of dark matter and dark energy, as informational 
phenomena, where dark matter is the number of bits of information content of the whole observable universe, 



 

associated with a quantifiable and definite negative mass, and, where dark energy is the energy associated to it, by 
the Landauer‘s principle, dark energy being computed as negative energy associated to the vacuum energy, moreover, 
with the same informational approach, we have reduced by almost 120 orders of magnitude the vacuum energy 
prediction from a quantum point of view. 
 
We argue that dark matter is calculated as informational field, an informational zero-point field, distinct from the 
conventional fields of matter of quantum field theory, associated with the dark matter as having a finite and 
quantifiable negative mass associated with the number of bits of the observable universe, from which, according to 
the Landauer’s principle, emerges dark energy. This dark energy computed as the zero-point energy of the vacuum, 
is explained as a collective potential of all particles with their individual zero-point energy, negative energy, emerging 
from dark matter. 
 
The negative mass and negative energy associated respectively to dark matter and dark energy comes from the use 
of the entropic information approach [4], a method that regards the mass of an information bit as definite and 
measurable [2, 3].  
 
The entropy formula considered to compute the dark matter and dark energy as respectively negative mass and 
negative energy, can quantify, by the absolute value of its result, the number of bits of information content of the 
whole observable universe, and  express the concept of negative entropy, i.e., negentropy interpreted as "negative" 
information, a process where quantum states are becoming less entangled or more distinct, leading to a decrease in 
the overall quantum information content. In terms of bits, this implies that fewer bits are needed to describe the 
system's state, indicating a movement toward a simpler or more predictable state, or indicating that the system is 
losing complexity. Negative entropy, i.e., negentropy, interpreted as “negative information”, implies that dark matter 
and dark energy as informational phenomena are less complex or chaotic than previously thought. 
 
The Standard Model already includes negative mass, already builds into the theory, moreover, negative energies and 
negative energy density are consistent with quantum field theory [37].  
 
The negative mass of the dark matter component interacts with ordinary matter, generating gravitational repulsion 
between negative and positive masses, this repulsion can then counterbalance the gravitational attraction of visible 
matter, leading to the observed discrepancies in galactic rotation curves.  
 
While the negative energy, associated here, to the dark energy component, is a concept used to explain the nature of 
certain fields, including the gravitational field and various quantum field effects, currently, the closest known real 
representative of such exotic matter is a region of negative pressure density produced by the Casimir effect with a 
negative localized energy. 
  
One way to envisage the dark energy is that it is linked to the vacuum of space. The larger the volume of space, the 
more vacuum energy (dark energy) is present and the greater its effects, dark matter (negative mass) calculated as 
informational field and dark energy (negative energy) computed as vacuum energy increase in function.  
 
Dark Energy is proportional to both the total number of bits and the temperature, and therefore proportional to the 
volume of the universe as in the volume model, and proportional to the surface of the universe in the holographic 
model.  
 
The dark energy can be associated to the cosmological constant and the cosmological constant can be formulated to 
be equivalent to the zero-point radiation of space, i.e., the vacuum energy [7]. The dark energy is associated to the 
cosmological constant being expressed into the Landauer energy equivalent, which can be defined in a form and 
value identical to the characteristic energy of the cosmological constant.  
 
The cosmological constant wherein the mass of bit of information has been taken in consideration instead of Planck 
mass, reducing the discrepancy by almost 120 orders of magnitude in the prediction of the vacuum energy from a 
quantum point of view, has been computed. 



77 
Information, Dark Matter, Dark Energy and the Cosmological Constant 

 

Acknowledgments 

To my family, Valérie and Léa without whom I would not be what I become.  
 

References  

[1] Gough, M.P. Information Equation of State. Entropy 2008, 10, 150-159. https://doi.org/10.3390/entropy-e10030150 
[2] Vopson MM. The mass-energy-information equivalence principle. AIP Adv. 2019;9(9):095206. DOI:https://doi.org/10.1063/1.5123794. 
[3] Vopson MM. Experimental protocol for testing the mass–energy–information equivalence principle. AIP Advances 1 March 2022; 12 (3): 035311. 

https://doi.org/10.1063/5.0087175 
[4] Denis, O. (2023). The entropy of the entangled Hawking radiation. IPI Letters, 1, 1–17.https:/doi.org/10.59973/ipil.9 
[5] Landauer, R. (1961) Irreversibility and Heat Generation in the Computing Process. IBM Journal of Research and Development, 5, 183-191.  

http://dx.doi.org/10.1147/rd.53.0183 
[6] M.P. Gough, Holographic Dark Information Energy. Entropy 2011, 13, 924-935. https://doi.org/10.3390/e13040924 
[7] Kragh H. Preludes to dark energy: zero-point energy and vacuum speculations". Archive for History of Exact Sciences. 2012;66(3):199–240. arXiv: 

https://arxiv.org/abs/1111.4623 DOI: https://link.springer.com/article/10.1007/s00407-011-0092-3. 
[8] Gough, M.P. Information Dark Energy Can Resolve the Hubble Tension and Is Falsifiable by Experiment. Entropy 2022, 24, 385. 

https://doi.org/10.3390/e24030385 
[9] Gasparini, A. Testable Theory Suggests Information Has Mass and could Account for Universe’s Dark Matter. Scilight. 2019. 

Available online: https://aip.scitation.org/doi/10.1063/1.5126530 (accessed on 11 November 2022). 
[10] Jacob D Bekenstein. Black holes and entropy, Phys. Rev. D 7, 2333 – Published 15 April 1973 An article within the collection: 2015 - General 

Relativity’s Centennial and the Physical Review D 50th Anniversary Milestones; 2019 
[11] Hawking SW. Particle creation by black holes. Commun Math Phys. 1975; 43(3):199-220.DOI: 10.1007/BF02345020 
[12] Davies PCW. Why is the physical world so comprehensible? In: Zurek WH, editor.Complexity, entropy and the physics of information. Redwood City, 

CA: Addison-Wesley. 1990;61  
[13] Wheeler JA. Information, physics, quantum: the search for links’ at reproduced from. Proceedings of the 3rd international symposium. Tokyo: 

Foundations of Quantum Mechanics. 1989;354-68 
[14] Lloyd S. Computational capacity of the universe. Phys Rev Lett. 2002;88(23):237901.DOI: https://doi.org/10.1103/PhysRevLett.88.237901. 
[15] L. de Broglie, “Thermodynamics of Isolated Particle (Hidden Thermodynamics of Particles),” Gauthier-Villars, Paris, 1964 
[16] Erwin Schrödinger (1944), What Is Life? and Other Scientific Essays. Based on lectures delivered under the auspices of the Dublin Institute for 

Advanced Studies at Trinity College, Dublin, in February 1943. Doubleday (1956) and Internet Archive. 
[17] Ade PAR, et al. Planck 2013 results. XVI. Cosmological Parameters Astron Astrophys. 2014;571:A16 
[18] Vopson MM; The information catastrophe. AIP Advances 1 August 2020; 10 (8): 085014. https://doi.org/10.1063/5.0019941 
[19] Vopson MM; Estimation of the information contained in the visible matter of the universe. AIP Advances 1 October 2021; 11 (10): 105317. 

https://doi.org/10.1063/5.0064475 
[20] Tipler, F. J. (2005). "The structure of the world from pure numbers" (PDF). Reports on Progress in Physics. 68 (4): 897–964. arXiv:0704.3276. doi: 

https://doi.org/10.1088/0034-4885/68/4/R04 
[21] Dirac, P. A. M. (1928). "The Quantum Theory of the Electron". Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences. 

117 (778): 610–624. Bibcode:1928RSPSA.117..610D. doi:10.1098/rspa.1928.0023. 
[22] Braunstein SL, Pati AK. Quantum information cannot be completely hidden in correlations: Implications for the black-hole information paradox. 
[23] Daffertshofer A, Plastino AR. Landauer’s, principle and the conservation of information. Phys Lett A. 2005;342(3):213-6, DOI: 

https://doi.org/10.1016/j.physleta.2005.05.058. 
[24] Lee J-W, Lee J, Kim HC. Quantum informational dark energy: Dark energy from forgetting. arXiv E-Print, 2008;8. arXiv: 

https://doi.org/10.48550/arXiv.0709.0047 
[25] Bérut. [ journal Nature on March 8, 2012 Bérut A, Arakelyan A, Petrosyan A, Ciliberto S, Dillenschneider R, Lutz E., Experimental verification of 

Landauer’s principle linking information and thermodynamics, Nature. 2012 Mar 7;483(7388):187-9. doi: 10.1038/nature10872.] 
[26] Peebles PJE. Principles of physical cosmology. Princeton University Press;1993. 
[27] Casini H. Relative entropy and the Bekenstein bound. Class Quantum Grav. 2008;25(20):205021. DOI: 10.1088/0264-9381/25/20/205021. 

arXiv:0804.2182 
[28] Bousso, Raphael (1999). "Holography in general space-times". Journal of High Energy Physics. 1999 (6): 028. arXiv:hep-th/9906022. 

Bibcode:1999JHEP...06..028B. doi:10.1088/1126-6708/1999/06/028. S2CID 119518763. 
[29] Bousso, Raphael (1999). "A covariant entropy conjecture". Journal of High Energy Physics. 1999 (7): 004. arXiv:hep-th/9905177. 

Bibcode:1999JHEP...07..004B. doi:10.1088/1126-6708/1999/07/004. S2CID 9545752. 
[30] Bousso, Raphael (2000). "The holographic principle for general backgrounds". Classical and Quantum Gravity. 17 (5): 997–1005. arXiv:hep-

th/9911002. Bibcode:2000CQGra..17..997B. doi:10.1088/0264-9381/17/5/309. S2CID 14741276. 
[31] Bekenstein, Jacob D. (2000). "Holographic bound from second law of thermodynamics". Physics Letters B. 481 (2–4): 339–345. arXiv:hep-th/0003058. 

Bibcode:2000PhLB..481..339B. doi:10.1016/S0370-2693(00)00450-0. S2CID 119427264. 
[32] Bousso, Raphael (2002). "The holographic principle" (PDF). Reviews of Modern Physics. 74 (3): 825–874. arXiv:hep-th/0203101. 

Bibcode:2002RvMP...74..825B. doi:10.1103/RevModPhys.74.825. S2CID 55096624. Archived from the original (PDF) on 2011-08-12. Retrieved 2010-
05-23. 

[33] Jacob D. Bekenstein, "Information in the Holographic Universe: Theoretical results about black holes suggest that the universe could be like a gigantic 
hologram", Scientific American, Vol. 289, No. 2 (August 2003), pp. 58-65. Mirror link. 

[34] Bousso, Raphael; Flanagan, Éanna É.; Marolf, Donald (2003). "Simple sufficient conditions for the generalized covariant entropy bound". Physical 
Review D. 68 (6): 064001. arXiv:hep-th/0305149. Bibcode:2003PhRvD..68f4001B. doi:10.1103/PhysRevD.68.064001. S2CID 119049155. 

[35] Bekenstein, Jacob D. (2004). "Black holes and information theory". Contemporary Physics. 45 (1): 31–43. arXiv:quant-ph/0311049. 
Bibcode:2004ConPh..45...31B. doi:10.1080/00107510310001632523. S2CID 118970250. 

[36] Everett, Allen; Roman, Thomas (2012). Time Travel and Warp Drives. University of Chicago Press. p. 167. ISBN 978-0-226-22498-5. 
[37] el-Hani, Charbel Nino, and Antonio Marcos Pereira (2000), « Higher-level Descriptions: Why Should We Preserve Them? », in Peter Bøgh Andersen, 

Claus Emmeche, Niels Ole Finnemann, and Peder Voetmann Christiansen (eds.), Downward Causation: Minds, Bodies and Matter, Aarhus (Danemark), 
Aarhus University Press 

[38] Albert Einstein, "Comment on Schrödinger's Note 'On a System of Solutions for the Generally Covariant Gravitational Field Equations'" 
https://einsteinpapers.press.princeton.edu/vol7-trans/47 

[39] O'Raifeartaigh C., O'Keeffe M., Nahm W. and S. Mitton. (2017). 'Einstein's 1917 Static Model of the Universe: A Centennial Review'. Eur. Phys. J. (H) 
42: 431–474 


