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The generalization of the entropic information approach can explain various processes 
asvarious aspects of the entangled informational content of the visible universe. Some 
basictheoretical concepts about the quantum information approach such as the definition 
of theconcept of quantum information, non-locality, the process of quantum entanglement, 
orsome considerations about the measurement problem have been explained in 
theconceptual approach to entropic information. Entropic information theory as 
aninformational approach is mathematically based on the mass of the bit of information, 
themass of the bit of information which was injected into Louis de Broglie's 
hiddenthermodynamics providing new entropy formulations. After that, we have introduced 
theHawking temperature into these formulas, leading to new formulations to calculate 
theentropy of black holes independently of the law of area. Being able to express the fine--
grained gravitationalentropyofablackholeusingtherulesofgravity, wecanspeak, atthis level, 
of quantum gravity as emerging through the fundamentality of entangledquantum 
information. In addition, we calculated the informational content of the observableuniverse 
using the entropic information formula to obtain results remarkably close to someprevious 
estimates to account for all the dark matter missing in the visible Universe. Afterwhatthat, 
we calculated the amount of energy associated with this informational content 
usingLandauer'sprinciple,toobtainaresultthatwecanrelatetodarkenergy estimates. 
Moreover, some deep considerations based on the perspectives of entropic 
informationtheory have been explored. This new complete mathematical framework of 
entropicinformation theory is capable of explaining various processes being several 
aspects of oneand the same, entangled information, it is the theorytical framework of the 
entangledinformationaluniverse. 
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1. Introduction 
 

To begin with, we will examine some of the fundamental definitions and claims regarding 
thequantum information approach and explain them using entropic information theory to 
shednew light on these basic concepts. Indeed, after defining the notion of quantum 
information,entanglement, and non-locality as well as the consideration of the measurement 
problem in thecontext of the generalization of the entropic information approach, we can see 
that thisapproach makes it possible to open new perspectives, indeed it provides new 
formulations ofentropy from the theory of entropic information, as well as a new formulation 
of the entropy ofblack holes. In addition, a new formula for calculating the number of bits of 
the entire currentobservable universe and a formula about the energy currently associated 
with it have beenused, leading to important new considerations on entropy, quantum gravity, 
dark matter ordark energy, respectively, presenting a global explanatory mathematical 
framework of the lifeand theuniverse. 

 
 

1.1 DefinitionofTheInformationnotionwithintheentropicinformationtheoryfram
ework. 

 
Someattemptstodefinetheconceptofinformationhavebeenattempted,for example, 
Lucien Hardy's attempt at the informational properties of a system, where "the 
informationalproperties of a system should depend only on the number of distinct messages 
that can beencoded on that system" [1], this can be related to the notion of a bit of 
information, which, ininformation theory, is the minimum amount of information conveyed by 
a message. But wecan say about quantum information which is the basic entity of study in 
quantum 
informationtheory,andwhichcanbemanipulatedusingquantuminformationprocessingtechnique
s;thatfollowingJohnPreskill'sapproachthatquantuminformationisinformationaboutthestate of a 
quantum system, that information is something physical that is encoded in the 
stateofaquantumsystem[2].Indeed,Gleason'stheoremsaysthat"aquantumstateiscompletely 
determined by knowing only the answers to all possible yes/no questions", ayes/no question 
is presumably a self-adjoint operator with two distinct eigenvalues. Butinformation can only 
exist in a region that also contains energy. In addition, this energy hasproperties by which we 
can describe it. It has degrees of freedom. These degrees of freedomcan be considered the 
minimum number of coordinates required to specify a configuration."Each spin can be taken 
to represent a bit, and each spin flip corresponds to a bit flip. Almostany interaction between 
degrees of freedom is sufficient to perform universal quantum logicon these degrees of 
freedom” [3],[4]. This leads entropic information theory to define thenotion of information in a 
more precise and relevant way; indeed, it can be said by followingthe theory of entropic 
information that "information is a change of quantum state due to 
themodificationofadegreeoffreedom inthequantum systemconsidered". 

 
 

1.2 Definition of the Entanglement notion within the entropic information 
theoryframework. 

 
In quantum physics, certain states, called entangled states, show certain 
statisticalcorrelations betweenmeasurementsonparticles 
thatcannotbeexplainedbyclassicaltheory. An entangled system is defined as a system whose 
quantum state cannot be factoredas a product of the states of its local constituents. That is, 
they are not individual particles butaninseparablewhole.Inquantumentanglement,one 
constituentcannotbedescribedin 
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detail without taking into account the other or others. The entanglement process is 
carriedoutwhentwo particlesarelinked together, regardlessof 
theseparationfromonetotheother. In quantum mechanics, even if these entangled particles 
are not physically connected;they are always able to instantly share information with each 
other. In other words, inquantum mechanics, entanglement occurs when one or more 
properties of two particles ormolecules such as spin, polarization, or momentum are shared 
at the quantum level; thisconnectionpersistsevenifthe particlesmoveaway fromeachother. 

 
Quantum information can be measured using Von Neumann’s entropy. Indeed, entropy 
isconsidered a measure of entanglement. Entropy provides a tool that can be used to 
quantifyentanglement. The entropy of a mixed state can be thought of as a measure of 
quantumentanglement. Von Neumann entropy is a measure of the statistical uncertainty 
representedby a quantum state. Von Neumann entropy connects to all other forms ofn 
entropy andglimpses the real origin of the second law of thermodynamics. The growth of 
entanglementleads to both the second law of thermodynamics and the emergence of the 
classical worldfrom quantum. In addition, it also defines the arrow of time that itself points in 
the direction ofincreasingentropyandmultiplying entanglement. 

 
Following the theory of entropic information and its definition of information as a change inthe 
quantum state due to the modification of a degree of freedom in the quantum system 
underconsideration; quantum entanglement can be defined as the physical phenomenon 
thatoccurs when a group of particles is generated, interacts or shares a spatial proximity 
suchthat one or more degrees of freedom are shared at the quantum level between each 
particlein the group; a particle that cannot be described independently of the quantum state 
of othersbecause they share degrees of freedom, even when the particles are separated by a 
greatdistance. 

 
 

1.3 DefinitionoftheNonlocalitywithintheentropicinformationtheoryframework. 
 

Quantum nonlocality is sometimes understood as being equivalent to 
entanglement.However, this is not the case. Quantum entanglement can be defined only 
within theformalism of quantum mechanics, i.e., it is a model-dependent property. In 
contrast,nonlocality refers to the impossibility of a description of observed statistics in terms 
of a localhidden variable model, so it is independent of the physical model used to describe 
theexperiment. Non-locality means that measuring the properties of a quantum particle in 
onelocation can instantaneously affect the properties of another, even if the two particles are 
indifferent locations. A local hidden variable theory (LHV) of quantum mechanics assumes 
thatall natural processes are local: information and correlations are propagated at most at 
thespeed of light. In physics, hidden-variable theories are proposals to provide explanations 
ofquantum mechanical phenomena through the introduction of unobservable 
hypotheticalentities. However, quantum mechanics does not assume the existence of local 
hiddenvariables associated with individual particles. Quantum nonlocality does not allow for 
faster-than-light communication,[5] and hence is compatible with special relativity and its 
universalspeed limit of objects. In the words of Lewis Carroll Epstein: “You can’t go faster 
than thespeed of light because you can’t go slower than the speed of light. You are always 
going at thespeed of light through spacetime. If you use some of your speed to go through 
space, thenthere is less speed through time”. Indeed, a semi-classical perspective can 
explain the notionofthe entanglement; indeed, entanglementof photonscanbeexplainedin 
termsof therelativistic properties of space-time as defined by Einstein as well as by quantum 
mechanics.Yet,regardingphotonsandthe 
theoryofspecialrelativity,allphotonsmovingatthespeedoflight, the separation between those 
two points would be zero from the perspective of thosephotons. Those entangled photons 
which share one or more degrees of freedom at the quantumlevelbetween eachphoton 
cannotbe describedindependently ofthe quantumstateofthe 
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others because they share degrees of freedom. We can say thus that quantum theory is 
localin the strict sense defined by special relativity and, as such, the term "quantum 
nonlocality" issometimesconsidered amisnomer. 

 
 

1.4 Definition of the Measurement Problem within the entropic information 
theoryframework. 

 
What complicates this somewhat is that the major interpretations of quantum 
mechanicsclaim that a "measurement" causes the decoherence. This is because the 
purpose ofinterpretations of quantum mechanics is to link the world of quantum mechanics 
to ahypothetical world governed by classical mechanics. This connection is made through 
vagueterms like "measure" and "collapse." The correlation predicted by quantum mechanics 
is dueto the quantum entanglement of the pair, with the idea that their state is determined 
only atthe point where a measurement is made on one or the other. This idea is entirely 
consistentwith Heisenberg's uncertainty principle, one of the most fundamental concepts in 
quantummechanics[6]. 

 
"It’s one thing to say that measurement requires information. It’s another thing to say that 
thethingbeingmeasurediscreatedbytheobserverdoing themeasuring"[7]. 

 
Following the approach of entropic information theory, we can say that during 
ameasurement, to be informed by the measurement system, the measurer needs 
information;take information from the system during the measurement process; but with 
measurement,the new system to consider is the system: "measurer-the thing to be 
measured", both parts ofthe system under consideration share one or more degrees of 
freedom. The two parts of thequantum system considered are entangled. It is a question of 
relating to the definition ofinformation given by the approach of entropic information theory, 
where a change in aquantum state due to the modification of a degree of freedom at the 
quantum level is thedefinition of quantum information, and by the proposed definition of 
entanglement, where,following the approach of entropic information theory, quantum 
entanglement is the physicalphenomenon that occurs when a group of particles is generated, 
interacts, or shares 
spatialproximityinsuchawaythatoneormoredegreesoffreedomaresharedatthequantumlevel 
betweeneachparticlein thegroup, these particlescannotbedescribedindependentlyofthe 
quantumstateofthe othersbecausetheyshare degreesoffreedom. 

 
1.5 Definitionofthecoreoftheentropicinformationtheoryframework. 

Entropicinformationtheory isbasedontheinformationbit,wherethe quantuminformation 
of the bit is defined as a change in a quantum state due to the modification of a degree of 
freedomat the quantum level. Entropic information theory is based on the degree of freedom 
of thequantum system under consideration, based on the number of bits needed to specify 
theactual microscopic configuration among the total number of allowed microstates and 
thuscharacterize the macroscopic states of the system under consideration [8]. Indeed, 
aprobability distribution of possible states through a statistical set of all microstates defines 
amacrostate which is a state that can be observed experimentally. Entropy makes it 
possibleto estimate the amount of information lost when microscopic information is 
summarized bymacroscopic information. "We can say that entropy is information: indeed, in 
micro-canonicallanguage, entropy is determined by the number of microstates compatible 
with a givenmacrostate [9]". Considering the principle of mass-energy-information 
equivalence alreadystated by Melvin Vopson [10] proposing that a bit of information is not 
only physical, asalreadydemonstrated,butthatithas afiniteandquantifiable mass whileitstores 
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information. The entropic theory of information sheds light on new global perspectives 
byintroducing the mass of the information bit into some famous equations in physics such 
asthe hidden thermodynamics formula of Louis de Broglie, the classical formulation of 
entropy,the Bekenstein-Hawking entropy formula, the Bekenstein bound, or even some of 
Casini'swork [11] leading to a new global mathematical framework based on the entropic 
informationtheoryapproach. 

 
 
 

2 Methodology 
 

We start from the hidden thermodynamics of Louis de Broglie where we inject the mass of 
bitof information of the principle of equivalence mass-energy-information of Vopson, 
proposingthat a bit of information is not only physical, as already demonstrated, but that it 
has a finiteand quantifiable mass while it stores information, leading to the expression of a 
newformulation on entropy by calculation based on the degree of freedom, on the number of 
bitsin the system [8]. Several formulations of this entropy based on different relations, 
Einstein'smass-energy equivalence, The Einstein Planck relation, or based on the Avogadro 
numberare formulated. After that, we inject the Hawking temperature into the new general 
entropyformula leading to a new formulation of the Bekenstein-Hawking entropy formula, a 
newformulation that can explain how this entropy occurs, based on an evaporation time of 
theblackhole andthe degree offreedomoftheblackholeseen as anentirequantumsystem. 
After that, we dive into Casini's work on Von Neumann entropy and the Bekenstein 
bond,giving the proof that the Bekenstein bound is valid using quantum field theory [12-20], 
we cantalk about the process of emergence of quantum gravity through the fundamentality 
ofentangled quantum information. Then, with the help of the formula of entropic 
informationtheory, we answer the question of "What is the informational content of the 
observableuniverse?". And based on this approach, we estimated the amount of energy 
associated withthis number of bits representing the informational content of the observable 
universe. Thesetwoestimatesare candidatesfordarkmatteranddarkenergyrespectively. 

 
 
 

2.1 Generalization of the Entropic Information Theory framework to Entropy 
withentropicformulas 

 
The generalization of the framework of entropic information theory is based on a 
newconcept of entropy based on the introduction of the mass of the bit of information 
revealingnewentropicformulas. 

 
In general, entropy is related to the number of possible microstates according to 
Boltzmann'sprinciple: 

 

ܵ=݇ln(ܹ) 
 

Where 
 

Sis theentropy ofthesystem, 
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 ∑݇=(݅݌)ln݅݌∑݇− =ܵ
ln(ܹ) 
 (ܹ)ln݇= ݓ

 
 

kBoltzmann'sconstant, 
Wisthenumberofmicrostates. 

 
W= number of states or microstates, characterized by the position and velocity of allparticles 
so if we consider that the degree of freedom of a system can be viewed as theminimum 
number of coordinates required to specify a configuration. So YES ... W reflects 
thedegreeoffreedomofasystem[8]. 

 
Boltzmann entropy formula can be derived from Shannon entropy formulae when all 
statesare equallyprobable 

 

So,youhaveWmicrostateequiprobable withprobability1=݌
 

 ݓ
 

We start this generalization by introducing the mass of bit of information formula into 
thehiddenthermodynamicsofLouisDeBroglie: 

 
 
 
 
 
 

Where: 
 
݇: Boltzmann'sconstant 
ℎ:݈ܲܽ݊ܿ݇ܿݐ݊ܽݐݏ݊݋ 

 
With ܽܿݕ݃ݎ݁݊ܧ =݊݋݅ݐ×ܶ݅݉݁ 
and2ܿ݉=ݕ݃ݎ݁݊ܧ 

 ݊݋݅ݐܿܽ
=− 

ℎ 
 ݕ݌݋ݎݐ݊݁

 
 

݇ 

 
 

 (ݓ)ln݇ =ݕ݌݋ݎݐ݊݁−=ݐ²ܿ݉=݊݋݅ݐܿܽ
ℎ ℎ ݇ ݇ 

 
 

Weintroducethemassofbitofinformationintothis relationasbeing: 
 
 

 =ݐܾ݅ݏݏܽ݉
݇ܶln(2) 

 
 

ܿ² 
 
 

Where: 
 
݇:Boltzmann'sconstant 
ܶ:the temperatureatwhichthe bitofinformationisstored. 
 Timerequiredtochangethephysicalstateoftheinformation bit:ݐ

݅
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 ݐℎ݈݂݃݅݋݀݁݁݌ݏ:ܿ

 
 
 

 ݊݋݅ݐܿܽ
= 

ℎ 

 
 
 
 ݐ²ܿ݉

= 
ℎ 

 
kܶln(2)ܿ²ݐ 

 ܿ²  
ℎ 

 
 
 

 ݕ݌݋ݎݐ݊݁
=− = 

݇ 

 
 
 
 (ݓ)݈݊݇

 
 

݇ 
 
 

 ݊݋݅ݐܿܽ
= 

ℎ 
 ݐ²ܿ݉

= 
ℎ 

݇ܶln (2)ݐℎ ݁݊ݕ݌݋ݎݐ 
=− 

݇ 
= ln(ܹ) 

 
 
 

 
 
 
 
 

Weobtainthevalidity proof bytheLlandauerlimitas 
 

݇ܶln(2)ݐ 
= 

ℎ 
ݐ²ܿ݉
ℎ 

 

݇ܶln(2)=݉ܿ2 
Indeed, the Landauer limit isbeing the minimum possible amount of energy required to 
eraseonebitofinformation,knownasthe Landauerlimit: 

 

As2ܿ݉=ܧ  
 ln (2)ܶ݇=ܧ

 
 

Landauer’s principle can be derived from microscopic considerations [21] as well as 
derivedfrom the well-established properties of the Shannon-Gibbs-Boltzmann entropy [22]. 
Theprinciple thus appears to be fundamental and universal in application. Landauer’s 
principleappliesbothto classicaland toquantuminformation 

 
 

Moreover,asEntropy: 
 
 

ܵ=݇ln(ܹ) 

݇ܶln(2)ݐ 
ln(ܹ)= 

ℎ 
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We obtain a new value for the general entropy S formula based on the 
hiddenthermodynamicsof deBrogliewiththeintroductionofmassof bitofinformation[23]: 

 
 

݇ln(ܹ)= ݇
݇ܶln (2)ݐℎ 

 
 
 

ܵ=݇2ܶln(2)ݐ 
ℎ 

 

WithS݁݊ݕ݌݋ݎݐexpressedinthe numberof bitsof information 
 
 

regardingtherelationEnergy=kT,thisnew entropyconcept[8]cantaketheformof 
 
 
 

ܵ=݇ܶ 
݇ln(2)ݐℎ 

 
withEinsteinmass-–energyequivalence,Energy=mܿ2,thisis 

 

ܵ=݉ܿ2݇ln(2)ݐ, 
ℎ 

 
 
 

with PlanckEinsteinrelationܧ=ℎߥ, thisiswithh=ܧ 
 ݒ

 

ܵ=ℎ݇ߥln(2)ݐ, 
 ݒ

 
 
 

WithkT=ܴܶ, 
 ܣܰ

ܵ=݇ln(2)ߥݐ 

 

 
ܵ= ܴܶ݇ln(2)ݐ 

 
 

 ℎ ܣܰ
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The theory of entropic information enters the problem of the black hole by 
introducingHhawking’s temperature into equations where the mass of the bit of 
information has beenimplementedin entropicformulas. 
 
Westartfromthisequationobtainedbytheintroductionofmassbitsofinformationintothehiddenther
modynamicsofLouisdeBroglie 
 

݇ܶln(2)ݐ 
ln(ܹ)= 

ℎ 

 
 

With  α2ܿ(݁)ݎܣݑܯ = ܣܰ

2ܴ∞ℎ 
 

 
ܵ= 

ܴܶ 
α²ܿ(݁)ݎܣݑܯ

2ܴ∞ℎ 

݇ln(2)ݐℎ 

 
 
 
 

 
ܵ= 

2ܴ∞ܴܶ݇ln(2)ݐ 
 

 

 α²ܿ(݁)ݎܣݑܯ
 
 
 
 
 

as the Boltzmann constant may be used in place of the molar mass constant by working 
inpureparticle count,N,ratherthanthe amountofsubstance,n. 

 
where: 

 
ܴ∞ : Rydberg 
constantRmolargasco
nstant 
T is the temperature at which the bit of information is 
storedk Boltzmann constant 
t Time required to change the physical state of the information 
bitMumolarmassconstant 
Ar(e) relative atomic mass of the 
electron.c speed oflightinavacuum, 
αfine-structureconstant, 

 
 
 

2.2 Generalization of the Entropic Information Theory framework to Quantum 
Gravitywithblackhole entropicformulas 
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Withℏ= ℎ, 
  ߨ2

1 ℎܿ3 () 
 

ln(ܹ)= ݇݇16ݐ2݈݊ܯܩ2ߨ 
ℎ 

 
 
 
 
 
 
 

 

 
 
 
 

It can also be shown that the Boltzmann entropy is an upper bound to the entropy that 
asystem canhavefor afixed number ofmicrostatesmeaning[24]: 

 
ܵ=݇ln(ܹ) 

 
WithWreflectingthedegreeoffreedom oftheconsideredsystem 

 
 
W=numberofstatesormicrostates,characterizedbythepositionandvelocityofallparticles so if we 
consider that the degree of freedom of a system can be viewed as theminimum number of 
coordinates required to specify a configuration. So YES ... W reflects thedegreeoffreedomofa 
system[8] 

 
 
We obtain the black hole entropy formula, at the hawking temperature, based on bits 
ofinformationandonthemass of bitofinformation, 

ܿ3ln(2)ݐ 
 ܯܩ2ߨln(ܹ)=݇16݇=ܪܤܵ

 

whereinweinjecttheHawking Temperaturerepresentedbythisformula: 
 

1 ℏc3 
=ܪܶ

݇8πGM 

  
 
weobtainafter simplificationofkandh: 

 

 

ln(ܹ)= 
ܿ3ln(2)ݐ 
 ܯܩ²ߨ16
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 (2)݈݊ܪ݇=ܵ

 
 
 

 
Theuniversalformoftheboundwasoriginallyfoundby JacobBekenstein in1981asthe 
inequality 

 
Where: 

 
Sis theentropy, 
kisBoltzmann’sconstant, 
R is the radius of a sphere that can enclose the given 
system,Eisthetotalmass–energyincludinganyrestmasses, 
ħisthereducedPlanckconstant,c 
isthe speedoflight. 

 
Note that while gravity plays a significant role in its enforcement, the expression for 
thebounddoes notcontainthegravitationalconstantG. 

 
In informational terms, the relation between thermodynamic entropy S and Shannon 
entropyH isgiven by 

 
 

whence 

 
 ܧܴߨ2

 ≥ܪ
ℏ݈ܿ݊(2) 

 
With E=mc² 

 ܯܴܿߨ2 ݐ3ܿ
= 

 ℏln(2) ܯܩ²ߨ16
 

 ݐ3ܿ
 ≥ܪ

 ܯܩ²ߨ16
 

 
 ܧܴ݇ߨ2

ܵ≤ 
ℏܿ 
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In the frame of a Black hole evaporating by Hawking radiation at the Hawking temperature 
witha time required to change the physical state of all the bits of information of the system 
equal tothetimerequiredbytheblackhole toevaporate(݌ܽݒ݁ݐ). 

 
 
 

ܿ3ln(2)݌ܽݒ݁ݐ 
 ܯܩ2ߨln(ܹ)=݇ 16݇=ܪܤܵ

 
 

WithWreflectingthedegreeoffreedom ofasystem. 
 

Weclearlyseetherelationshipbetweenthedegreeoffreedomandtheprocessof evaporationofthe 
blackhole. 

 

Where:  
 =݌ܽݒ݁ݐ

 
²ܩ³ܯ³ߨ64
ℏln(2)ܿ4 

 
Wehaveshownedthattheblackholesentropicinformationformula 

ܿ3 ln(2)݌ܽݒ݁ݐ isequaltothe 
 ܯܩߨ16

universalbound,2ܧܴ݇ߨandthatthat it is about the degree of freedom of a black hole seen as 
aitisinrelationwithdegreeoffreedomofblack holeseenasa 
ℏܿ wholequantumsystem. 

 
 

Figure 1 Black holes Entropic Information Formula with the time of evaporation of the black hole (࢚࢖ࢇ࢜ࢋ) as a new 
formulationof The Bekenstein–Hawking entropy additionally including the information notion; where ݇=Boltzmann 

constant, c=speed oflight,� =ReducedPlanck'sconstant, G=GravitationalConstant, M=massofthe blackhole. 
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Figure2Theblackholesentropicinformationformulawiththetimeofevaporationoftheblackhole(t_evap):Planckarea 

relation 
 

Figure3Theblackholesentropicinformationformulawiththetimeofevaporationoftheblackhole(t_evap):Informational 
relation 
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Figure4.GW170817withagivenmassof2.7solarmass 

 
 
 

Figure5CygnusX1Blackholewitha givenmassof8.7solarmass 
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Figure6.Messier87BlackHolewitha givenmassof6.5x ૚૙ૢsolarmass 

 
 
 

Figure7BlackholeTON618withagiven massof66billionsolarmass 
 
 

We can see in Figs.figures 4 to 7, the results obtained by the entropic information theory 
approachincomparisontotheBlackholeentropyclassicalmethodofcalculation.Regardingthe 
Blackholevalueofmasstakenfortheblackholesconsideredallalongthescaleofthe 
sizeoftheblackhole,thosevaluesareextremal,indeed 
webeginwithGW170817withamassof2.7solarmassto 
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ܸ

 
 

go until the mass of the TON618 black hole which is equal to 66 billion of solar mass 
[23]passing by CYGNUS X1 or by MESSIER87 for the other black hole masses considered. 
In this way, we have passed in review of all the scale sizes of the black holes.passing by 
CYGNUS X1 or by MESSIER87 for the others black holes masses considered. Inthis way,we 
havepassin reviewallthe scalesizes of theblack holes. 

 
This allows us to have a global vision of the mass of the black holes along the scale. 
Theresultsobtainedarebasedonthetwodifferentrelationsfromtheentropicinformationapproachas 
shown in Figs.figure 2 and 3, the informational relation and the Planck relation; the other part 
oftheresultsisfromtheclassicalmethod ofblackhole entropy. 

 
As a side note, we must take into account that the black Hole information paradox can 
beestablished using the standard Copenhagen method of keeping the system separate 
fromthe measuring device. The black hole information paradox is independent of the 
quantummeasurement problem. As such we can discuss the solutions to the information 
paradoxwithout committingtoanyparticular interpretationofquantummechanics. 

 
 
 

ܸܵ=ܵ(ρܸ )−S(ρ0)= 
 

−(tr(ρ logρܸ))+ݎݐ(ρ0logρ0) 
ܸ ܸ ܸ 

 
 

 
tr(Kρܸ=ݒܭ  (Kρ0)ݎݐ−( 

 
 
 

 
 0≤(ρܸlogρ0)ݎݐ−(ρܸlogρܸ)ݎݐ

Withthesedefinitions,theboundreads 
 
 

 ܸܭ≥ܸܵ

 
whichcan berearrangedtogive: 

Casini defines the right-hand side of the Bekenstein bound as the difference between 
theexpectationvalueofthemodularHamiltonianintheexcitedstateandthevacuumstate, 
 
Theingenious proposalofCasini istoreplace2πRE,by: 

 
We know, following the work of Casini in 2008 about the Von Neumann entropy and 
theBekenstein bound, that the proof of the Bekenstein bound is valid using quantum field 
theory[12-20]. 
 
For example, given a spatial region, ܸ, Casini defines the entropy on the left-hand side of 
theBekenstein boundas 
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ܸ ܸ

In Casini’s work, on the right-hand side of the Bekenstein bound, a difficult point is to give 
arigorous interpretation of the quantity 2 π R E, where R is a characteristic length scale of 
thesystem andE isa characteristicenergy. 
 
This product has the same units as the generator of a Lorentz boost, and the natural 
analogof aboostinthissituation is themodularHamiltonianofthevacuumstate 

 ݒ (0ߩ)log−=ܭ

As black holes, the entropic information formula is equal to Bekenstein's universal 
bound.Asblackholesentropic informationformulaisequaltoBekensteinuniversalbound. 
 
As a side note, it can also be shown that the Boltzmann entropy is an upper bound to 
theentropythatasystem can haveforafixed numberofmicrostates 
 
WhereS(ݒߩ)istheVonNeumannentropyofthereduceddensitymatrixݒߩassociatedwith ܸ,ܸintheexcitedstateρ,andܵ(0ߩ)isthecorrespondingVonNeumannentropyforthe ݒ 
vacuumstate0ߩ 
 
Finally,weobtain: 

 
 
 

 
 
 

 
 
 

tr(Kρܸ=ݒܭ  =(Kρ0)ݎݐ−( 
 

݇ܿ3ln(2)݌ܽݒ݁ݐ 

 ܯܩ2ߨ16
=

 
 

Sv=S(ρܸ|ρ0)=S(ρ )−S(ρ0)= 
 

−(tr(ρ logρܸ))+ݎݐ(ρ0logρ0)= 
ܸ ܸ ܸ 

 

ܧܴ݇ߨ2
ℏܿ 

 
 
 

Naïve definitions of entropy and energy density in quantum field theory suffer from 
ultravioletdivergences.Inthecaseofthe Bekensteinbond,ultravioletdivergencescan be 
avoidedby 

 
This is simply the statement of positivity of quantum relative entropy, which proves 
theBekenstein bound. 
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taking the differences between the quantities calculated in the excited state and the 
samequantitiescalculatedinthe emptystate.[25] 

 

2.3 Generalization of the Entropic Information Theory framework to Dark Matter 
withtheinformational content oftheuniverse 

- 
"Iftheprincipleofmass-energy-informationequivalenceiscorrect andinformationdoes 
havemass, adigitalinformationaluniversewouldcontainalotof it,andperhapsthemissingdark 
matter couldbejustinformation,"Vopsonsaid. 

Howmanymuchbitsofinformationarethereinthe content oftheobservableuniverse?” 
 
Going back as far as the late 1970s, since, in several studies, this question has been 
addressed and several answers have been given. For exampleGoing back as far as 
the late 1970s, since, in several studies, this question has 
beenaddressedandseveralanswershasbeengiven. Perexample, usingtheBekenstein–

 ≈ܫ
 2ܯܩߨ2
ℎܿ 

 ݏݐ݅ܤ10120=ݑ

where 
 
Gisthegravitationalconstant, 
Muisthemassoftheuniverseenclosedwithinitshorizon,his 
Planck’s constant, 
cis thespeedof light. 
 
TheWheeler’sapproachwhichestimatedthenumberof bitsinthepresent universeat T 
= 2.735K from entropyconsiderations,resultingin8×1088bits content[29]. OrLloydwhich 
took a similar approach and estimated the total information capacity of 
theuniverseas[30] 

 =ܫ
ܵ 

 ln(2)ܤ݇
≈(ρܿ54ݐ)ݏݐ݅ܤ1090≈3⁄4 

where: 
 
Sisthetotalentropyofthematter-dominateduniverse,kB 

istheBoltzmannconstant, 
ρisthematterdensityoftheuniverse, 
tis theageof theuniverseat thepresent time,cis 
thespeedoflight, 
histhereducedPlanckconstant. 
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Vopson even went so far as to speculate that the dark matter that holds 
galaxiestogether could also be composed of information. He said that since for more 
than 60yearswehavebeentryingunsuccessfullytounderstandwhat 
darkmatteris,itcouldverywellbeinformation. 

It is well-accepted that the matter distribution in the Universe is 5% ordinary 
baryonicmatter,27%dark matter, and68%dark energy [31]. 

The estimation of the bits of information contained in the observable universe can 
becalculatedviatheentropicinformationapproachgivinganaccuratecalculationofthebitconte
nt from the new formulation of entropy, entropy based on the mass of 
theinformationbitgivenas follows: 

 

ܵ=݇2ܶln(2)ݐ 
ℎ 

 
 

withEinsteinmass–energyequivalence, Energy=mc²,thisis 
 
 

ܵ=݉ܿ2݇ln(2)ݐ, 
ℎ 

 
 

We usethemassoftheuniverse andtheage ofthisone forthecalculations as 
 

 1054݇݃×2.78=ݒ݅݊ݑݏݏܽ݉

 ݏ݀݊݋ܿ݁ݏ1017×4.361170766=ݒ݅݊ݑݐ
 
 

Figure8Estimationofthenumberofbitsofinformationintheobservableuniversebasedonentropicinformationentropy 
newalternativeformulation:ܵ=݉ܿ2݇ ݈݊(2)ݐwith݉ܽ1054݇݃×2.78= ݏݏand ݐ 

 

=4.361170766× 
ℎ ݒ݅݊ݑ 

 ݏ݀݊݋ܿ݁ݏ1017
 ݒ݅݊ݑ

 
 
 
 

N.B: Here, with the entropic information theory approach to the notion of entropy, 
therelationshipbetweenthermodynamicentropy S andShannonentropyH isgiven byS=kHln(2). 
is not used to convert the result into informational terms because the result of theentropic 
information theory approach to entropy is expressed in informational terms, indeed Itis the 
mass bit of the information that has been implemented to the initial equationconsidered, so 
the results of the entropy are expressed in the number of bits. Indeed, as seenabove, the 
theory of entropic information is based on the number of bits of the system, 
thenumberofbitsnecessary tospecifythereal microscopic configuration amongthetotal 
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number of microstates allowed and thus characterize the macroscopic states of the 
systemconsidered. 

 
This number estimated by calculation from entropic information theory is remarkably close 
toan estimate of the bit-of-information content of the Universe with 1094bits that would 
besufficient to account for all the dark matter missing in the visible Universe following 
Vopsonusingthereasoning developed following[32] 

 
 

Taking the estimated mass of our Milky Way galaxy as 7 1011Msolar masses [33], 
andusing the mass of the sun M2 1030Kg, then the estimated dark matter mass in 
ourgalaxyisܯDark_Matter3.781012M=7.561042Kg.Assumingthatallthemissingdarkmatter is 
made up of bits of information, then the entire Milky Way galaxy has Nbits 
(MilkyWay)=ܯDark_Matter/ܾ݉݅ݐ(T=2.73K)=2.591082bits.Theestimatednumberofgalaxiesinthe 
visible Universe is 2 1012[34], so the estimated total number of bits of information inthe 
visible Universe is 52 1093bits. Remarkably, this number is reasonably close toanother 
estimate of the Universe information bit content of 1087given by Gough in 
2008usingLandauer’s principlevia a differentapproach [35]. 

Vopson estimated that around 5,2 × 1094bits would be enough to account for all 
themissingdark matterintheobservableuniverse[32][36],[37]. 

The estimatedbitcontentofthe observableuniversefromentropicinformation is1099ܾ݅ݏݐ.Note 
that 1099 ܾ݅ݏݐis significantly less than the theoretical maximum information content 
oftheuniverseof10123bitsprovidedbyapplying theholographicprinciple[26],[38]totheuniverse. In 
the maximum information scenario, corresponding to the universe being a 
singleblackhole,10123elementarysquaresofPlancklengthareneededto coverthesurface of 
thecurrentknownuniverse 

 
 

2.4 Generalization of the Entropic Information Theory framework to Dark Energy 
withtheenergyofinformationalcontent oftheuniverse 

 
From [35], we can read that Landauer’s principle was originally proposed to describe 
theenergy dissipation when information is overwritten in computer systems and 
subsequentlyused to predict the future limits to shrinking computer circuit size [39-46]. 
Moreover,Landauer showed that any erasure of information is necessarily accompanied 
by heatdissipation[47].A correspondingminimum݇(2)݈݊ܶܤofheat energy hastobedissipated 
intothesurroundingenvironmenttoincreasetheenvironment’sthermodynamicentropyin 
compensation, and in accord with the second law of thermodynamics. The total amount 
ofinformation is conserved as the surrounding environment effectively contains the 
erasedinformation, although clearly no longer in a form that the computer can use. More 
generally,Landauer’s principle applies to all systems in nature so that any system, 
temperature T, inwhichinformationis‘erased’bysomephysicalprocess 
willoutput݇(2)݈݊ܶܤofheatenergy 
perbit‘erased’withacorrespondingincreaseintheinformationoftheenvironment 
surrounding that system. Information is therefore directly bound up with the 
fundamentalphysics of nature. This strong interdependence between nature and information 
isemphasized by astrophysicist John Wheeler’s slogan "it from bit" and computer scientist 
RolfLandauer’s maxim “information is physical””. Landauer’s principle is fully compatible with 
thelawsofthermodynamics[22],[46],[48],[49].Landauer’sprinciplecanbederivedfrom 



UNDER PEER REVIEW 
 

 

 
 
 

microscopic considerations [21] as well as derived from the well-established properties of 
theShannon-Gibbs-Boltzmann entropy [22]. The principle thus appears to be fundamental 
anduniversalin application. 

Landauer's principle provides an equivalent energy for each bit of information or bit 
ofentropy. Landauer showed that information is physical since the erasure of a bit 
ofinformation in a temperature system, ܶ results in the release of a minimum ݇(2)݈݊ ܶܤ 
ofenergy into the system environment [22][50]. Landauer's principle has now 
beenexperimentally verifiedfor classicalbitsandquantumqubits[38],[51-52]. 

This important physical prediction that links information theory and thermodynamics 
wasexperimentally verifiedforthefirsttime in 2012[53]. 

However, information entropy is equivalent to thermodynamic entropy when the 
samedegrees of freedom are considered. The information entropy of the physical world is 
thus thenumber of bits needed to account for all possible microscopic states. Then each bit 
ofinformationisequivalentto∆ܵ=݇(2)݈݊ܶܤofthermodynamicentropy 
leadingtoLandauer’sprinciplethat∆ܵܶ=݇(2)݈݊ܶܤof heatisdissipated whenacomputerlogic bitis 
erased [35]. 

Landauer's principle clearly identifies temperature as the only parameter 
connectinginformationto energy. 

The equivalent energy of the total information, given by ܰ ݇(2)݈݊ ܶܤ, is proportional to 
boththe total number of bits and the temperature, and therefore proportional to the volume 
of theuniverse as in the volume model, and proportional to the surface of the universe in 
theholographic model. 

The equivalent Landauer energy of these elementary bits would be defined in a form 
andvalueidentical tothecharacteristicenergyofthecosmologicalconstant. 

We obtain the equivalent Landauer energy of a fundamental bit of information in a 
universeat temperature,ܶݐ݋ݐߩ,.ݒ݅݊ݑisthetotaldensityofmatter inouruniverse(baryon + dark). 

 
 

 ℏ3ܿ5ݐ݋ݐߩ15 4

 ln(2) 2ߨ √ =ln(2)ݒ݅݊ݑܶܤ݇
 

This Landauer bit energy is defined identically to the characteristic energy of 
thecosmological constant, the cosmological constant is closely associated with the concept 
ofdark energy. The right-hand side of this equation is identical to equation 17.14 of [54] for 
thecharacteristic energy of the cosmological constant—with the sole addition of ln(2) to 
convertbetween entropy units—between natural information units, nats, and bits. 
Information bitenergy might then explain the low milli-eV (0.003 eV) characteristic energy of 
Λ, whichPeebles [54] considered to be ‘too low to be associated with any relevant 
particlephysics.[55] 

Thedark energydensity intheuniverseis about7×10−30g/cm3on averageaccordingtoWikipedia. 
This is uniform throughout the Hubble volume of the entire universe i.e. 
thevolumeoftheuniversewithwhichweareincausalcontact.TheHubblevolumeis1031݈3ݕ 
i.e. cubic light years. This gives 8.46732×1084cm3 as the volume of the universe. Using 
themass-energy equivalence, you find that the total dark energy content in the entire 
universe isaround1069Joules. 

Comment [Bs3]: Write all mathematical 
equations using Equation 
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If we use the value obtained by the informational entropy for the estimation of the number 
ofbits correspondingtoall the mass contentofthewhole observableuniverse 

 
 

Figure9Estimationofthenumberofbitsofinformationoftheobservableuniversebasedonentropicinformationentropy 
newalternativeformulation:ܵ=݉ܿ2݇ ݈݊(2)ݐwith݉ܽ1054݇݃×2.78= ݏݏandݐ 

 

=4.361170766× 
ℎ ݒ݅݊ݑ 

 ݏ݀݊݋ܿ݁ݏ1017
 ݒ݅݊ݑ

 
 
 

Withtheformulaoftotalinformationequivalentenergy,givenbytheLandauer’sprinciple: 
 

 ln(2)ݒ݅݊ݑܶ݇ݏݐ݅ܤܰ

 ܭ2.725=ݒ݅݊ݑܶ
 

Figure10Estimationoftheenergyassociatedwiththenumberofbitsofinformationoftheobservableuniversebasedon 
theLandauer’sprincipleܰ(2)݈݊ݒ݅݊ݑܶ݇ݏݐ݅ܤwithtemperatureofuniverse, ܶܭ2.725=ݒ݅݊ݑ 

 
 
 

The entropic information theory can provide a quantitative account for dark 
energy,accountingforto thepresentenergyvalue,∼1070Joules.Theentropicinformation 
theoryprovidesanestimationof 3.5×1076Joulesremarkablycloseto thisestimation. 

 
 
 

3. ResultsandDiscussion 
 

By way of introduction, we have reviewed some fundamental claims about 
quantuminformation theory from the perspective of the entropic information theory approach 
based onthe mass of the information bit. Indeed, after having defined the notion of 
quantuminformation, quantum entanglement, and non-locality as well as the consideration of 
themeasurement problem within the approach of the generalization of entropic information, 
thisgeneralization lifts the veil on certain new formulations of notions of entropy based on 
thedegree of freedom of the system considered. This new approach to entropic information 
isbuilt on the bit of information considered as the change of the quantum state due to 
themodification of a degree of freedom of the system considered. This new 
informationalapproach taking into account the mass of the bit of information reveals new 
formulas 
ofentropybasedondifferentmathematicalandphysicalperspectives;leadingtotheexpression of 
new formulas of this particular entropy based on different relations, Einstein'smass-
energyequivalence,the EinsteinPlanckrelationorbasedonthe Avogadronumber. 
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These perspectives, as part of this generalization of entropic information theory, can lead us 
to in-depth reflection. Indeed, we can see a new perspective on defining life in the approach 
of entropic information theory. Based on the mass of the information bit and entropic 
considerations, we can see life following entropic information theory as the storage of 
information and the possibility of updating it through a self-learning process to perpetuate this 
form of information, because the structures are ordered by storing information, the structure 
is information building. We can think of entropic structures as ordered as follows: non-living 
entropic structure, living entropic structure, "thinking entropic structure", and "knowing 
entropic structure" (conscious one). With the fact that without information, the conscious has 
nothing to know. The conscious is considered as a specific processing of information based 
on "conscious individuality", individuality based on memory, and memory on the storage of 
information. More specifically the human brain, calculates but not only some human brain 
processes (such as intuition or creation seen as a not computable brain process from what 
emerges a new concept out of logical algorithm) are outside algorithmic logics so that 
consciousness or the universe cannot be coded.These perspectives, as part of this 
generalization of entropic information theory, can lead ustoin-
depthreflection.Indeed,wecanseeanew perspectiveofdefininglifeintheapproachof entropic 
information theory. Based on the mass of the information bit and entropicconsiderations, we 
can see life following entropic information theory as the storage ofinformation and the 
possibility of updating it through a self-learning process to perpetuate thisform of information, 
because the structures are ordered by storing information, structure isinformation building. 
We can think of entropic structures as ordered as follows: non-livingentropic structure, living 
entropic structure, "thinking entropic structure", "knowing entropicstructure" (conscious one). 
With the fact that without information, the conscious has nothingto know. The conscious is 
considered as a specific processing of information based on"conscious individuality", 
individuality based on memory and memory on the storage ofinformation. More specifically 
on the human brain, it calculates but not only, in fact, somehuman brain processes (such as 
intuition or creation seen as a not computable brainprocesses from what emerge an new 
concept out of logical algorithm) are outside algorithmiclogics so thatconsciousness 
ortheuniversecannotbecoded. 

 
After all these distant considerations based on entropic considerations, following 
thecontinuation of the new formulations of the new different forms of entropy in the approach 
ofentropic information theory, we have shown that the entropic information formula of the 
blackhole taking into account the mass of bit of information at Hawking temperature reveals 
a newformulationofbekenstein-Hawking entropy. 

 
With the help of Casini's work on the entropy of von Neumann and Bekenstein related. 
Andsince the new formulation of the entropic information black hole formula is also equal to 
theBekenstein bound, this leads to new considerations about quantum gravity. Indeed, 
theentropic information formula of black holes calculates the entropy of Hawking radiation as 
theentangled information of the black hole initially considered, this up to the quantum level of 
thesystem, the degrees of freedom describing the black hole, and this regardless of the law 
ofthe Bekenstein-Hawking entropy area, providing a sufficient microscopic description of 
howthis entropy occurs, showing that the evaporation process of black holes conforms to 
theprinciple of unitarity. In addition, this approach avoids ultraviolet divergences. 
Theseperspectives should be understood as the fine-grained entropy formulas discovered by 
Ryuand Takayanagi. In fact, the entropy of black holes turns out to be a special case of the 
Ryu-Takayanagi conjecture. The Ryu-Takayanagi formula is a general formula for fine-
grainedentropy of quantum systems coupled with gravity. This focused on the process of 
emergingquantumgravitythroughthefundamentality ofentangled quantum information [25]. 

After that, we looked at an ancient but still topical question about the informational content 
ofthe observable universe: "How much information content is in the observable universe? 
Wewere able to answer this question using the entropic information formula regarding 
entropyand the mass of the information bit. We obtain an estimate remarkably close to the 
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darkmatter of the universe with regard to the approach of entropic information theory with a 
resultobtained equal to 1099bits to be related to Melvin Vopson recent previous estimate 
based ona result of1094bitsof information,whichwould 
besufficient,followingVopson,toaccountforall the dark matter missing in the visible Universe 
[32], [36], [37]. The result of the entropicinformation theoryapproachcanalso be related 
toLloyd's approach whichestimatedthetotal information capacity of the universe at 1090bits of 
information [30]. In addition, wecalculated the energy associated with this number of bits of 
informational content of theobservable universe; to obtain again a result remarkably close to 
the actual estimate of darkenergy being 1070joules; indeed, the entropic information theory 
approach gives an estimateof 1076joules for estimating all the dark energy of the entire 
observable universe. A 
moredetailedperspectiveontheestimationofdarkenergy,leadstoseetheresultobtainedinthe 
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form of the energy characteristic of the cosmological constant which is closely 
associatedwith theconceptofdarkenergy. 

 
 
 

4. Conclusions 
 

A generalization of the entropic information approach has been presented as a completely 
new explanatory mathematical framework capable of explaining various processes finding 
their explanation through the fundamentality of entangled quantum information. The Entropic 
information theory is based on the mass of the bit of the information of the system 
considered. This is to be put about the definition of quantum information which, from the 
point of view of entropic information, is a change of quantum state due to the modification of 
a degree of freedom in the quantum system considered. This definition of the notion of 
quantum information is itself consistent with the definition of entanglement proposed, in fact, 
according to entropic information, quantum entanglement can be defined as the physical 
phenomenon that occurs when a group of particles is generated, interacts, or shares spatial 
proximity in such a way that one or more degrees of freedom are shared at the quantum 
level between each particle of the group; a particle that cannot be described independently of 
the quantum state of others because they share degrees of freedom. We must be aware that 
a semi-classical perspective can explain the notion of entanglement; regarding entangled 
photons and the theory of special relativity, all photons moving at the speed of light, the 
separation between those two points would be zero from the perspective of those photons. 
Quantum theory is thus local in the strict sense defined by special relativity. These quantum 
perspectives are themselves consistent with the entropic information approach of the 
measurement problem, in essence, during a measurement, to be informed by the 
measurement system, the measurer needs information; take information from the system 
during the measurement process; but with measurement, the new system to consider is the 
system: "measurer-the thing to be measured", the two parts of the system considered share 
one or more degrees of freedom of the considered quantum system.A generalization of the 
entropic information approach has been presented as a complete newexplanatory 
mathematical framework capable of explaining various processes finding theirexplanation 
through the fundamentality of entangled quantum information. The Entropicinformation 
theory is based on the mass of the bit of the information of the systemconsidered. This is to 
be putted in relation with the definition of quantum information which,from the point of view of 
entropic information, is a change of quantum state due to themodification of a degree of 
freedom in the quantum system considered. This definition of thenotion of quantum 
information being itself consistent with the definition of 
entanglementproposed,infact,accordingtoentropic information,quantumentanglementcan 
bedefinedas the physical phenomenon that occurs when a group of particles is generated, 
interacts, orshares spatial proximity in such a way that one or more degrees of freedom are 
shared at thequantum level between each particle of the group; a particle that cannot be 
describedindependently of the quantum state of others because they share degrees of 
freedom. Wemust be aware that a semi-classical perspective can explain the notion of 
entanglement;regardingentangledphotonandtheory ofspecialrelativity,allphotonsmovingatthe 
speedof light, the separation between those two points would be zero from the perspective of 
thosephotons. Quantum theory is thus local in the strict sense defined by special relativity. 
Thesequantum perspectives are themselves consistent with the entropic information 
approach ofthe measurement problem, in essence that during a measurement, to be 
informed by themeasurement system, the measurer needs information; take information from 
the systemduring the measurement process; but with measurement, the new system to 
consider is thesystem: "measurer-the thing to be measured", the two parts of the system 
considered shareoneormore degreesoffreedomofthe consideredquantum system. 

 
Entropic information theory as an informational approach is mathematically based on the 
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mass of bits of information, this was injected into the hidden thermodynamics of Louis de 
Broglie revealing a new entropic relationship based on the degree of freedom, on the number 
of bits of the system considered. That let's appear some new entropy formulations based on 
different mathematical and physical perspectives; leading to the expression of new 
formulations of this particular entropy based on different relations; Einstein mass-energy 
equivalence, Planck Einstein relation, or based on the Avogadro number. Based on those 
perspectives some far deep considerations have been explored. Indeed, based on the mass 
of the bit of information and entropic considerations, we can define life following the entropic 
information theory as the storage of the information and the possibility to update it by a 
process of self-learning to perpetuate that form of information; as the structures are ordered 
by storage of information. Mathematically, at this point, we have been capable to express 
several new entropy formulations wherein we have introduced the Hawking temperature 
formula which express itself by all the constant in modern physics bringing together: 
relativity, gravitation, quantum physics, and thermodynamics, leading to new expressions of 
black holes entropy. The entropic Information Theory approach gives a mathematical 
interpretation of the microstates considered when calculating the entropy of black holes. 
Moreover, the new formulation of the entropic information approach, based on the 
information bit, shows that the evaporation process of black holes is consistent with the 
principle of unitarity while avoiding ultraviolet divergences and expressing the fine-grained 
gravitational entropy of a black hole using the rules of gravity. This allows a semi-classical 
gravitational approach to expressing the fine-grained gravitational entropy of the black 
hole.Entropic information theory as an informational approach is mathematically based on 
themass of bits of information, this was injected into the hidden thermodynamics of Louis 
deBroglie revealing a new entropic relationship based on the degree of freedom, on the 
numberof bits of the system considered. That lets appears some new entropy formulations 
based ondifferent mathematical and physical perspectives; leading to the expression of 
newformulations of this particular entropy based on different relations; Einstein mass–
energyequivalence, Planck Einstein relation or based on the Avogadro number. Based on 
thoseperspectives some far deep considerations have been explored. Indeed, based on the 
massof the bit of information and entropic considerations, we can define life following the 
entropicinformation theory as the storage of the information and the possibility to updated it 
by aprocess of self-learning to perpetuate that form of information; as the structures are 
orderedby storage of information. Mathematically, at this point, we have been capable to 
expresssome several new entropy formulations wherein we have introduced the 
Hawkingtemperature formula which express itself by all the constant in modern physics 
bringingtogether: relativity, gravitation, quantum physics and thermodynamics, leading to 
newexpressions of black holes entropy. The entropic Information Theory approach give 
amathematical interpretation of the microstates considered when calculating the entropy 
ofblack holes. Moreover, the new formulation of the entropic information approach, based 
onthe information bit, shows that the evaporation process of black holes is consistent with 
theprinciple of unitarity while avoiding ultraviolet divergences and expressing the fine-
grainedgravitational entropy of a black hole using the rules of gravity. This allows a semi-
classicalgravitationalapproachtoexpressingthefine-grainedgravitationalentropyoftheblackhole. 
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Moreover, the black hole entropy information formula solves the black hole 
informationparadoxproblembyexplainingtheinformationprocessesinvolvedinblackholeentropyd
owntothequantumlevelindependentlyofthearealawbyprovidingasufficientmicroscopic 
description of how this entropy arise. Indeed, the entropic information formula ofblack holes 
calculates the entropy of Hawking radiation as the entangled information of theblack hole 
initially considered, this up to the quantum level of the system, the degrees offreedom 
describing the black hole, and this regardless of the law of the Bekenstein-Hawkingentropy 
area, providing a sufficient microscopic description of how this entropy occurs. At thislevel we 
can relate the entropic information of black holes with the Ryu-Takayanagi formulawhich is a 
general formula for the fine-grained entropy of quantum systems coupled togravity. As The 
black hole entropy horizon law which turns out to be a special case of theRyu–Takayanagi 
conjecture, we can put emphasis on the process of emergence of 
quantumgravitythroughthefundamentalityofentangledquantuminformation [25]. 

 
 

After that, we looked at an old but still topical question about the informational content of 
theobservable universe and calculated the energy associated with this number of bits 
ofinformational content in the visible universe. These calculations obtained 
respectivelyaccordingly, 1099bits of informational content and for the energy associated with 
thisinformational contenta resultof1076joules.These estimates are consistentwiththe 
previousestimatesuchasMelvin Vopson'sestimatebasedonaresult of1094bitsof 
information,which would be sufficient, following Vopson, to account for all the dark matter 
missing in thevisible Universe [32] [36] [37]. The result of the entropic information theory 
approach can alsobe related to Lloyd's approach which estimated the total information 
capacity of the universeat 1090bits of information [30]. The entropic information theory 
approach gives an estimate of1076joules for estimating all the dark energy of the entire 
observable universe, again a resultremarkably close to the actual estimate of dark energy 
being 1070joules. A more detailedperspective on the estimation of dark energy, leads to see 
the result obtained in the form ofthe energy characteristic of the cosmological constant which 
is closely associated with theconcept of dark energy. We are here, in the presence of a 
particular mathematical theoreticalframework capable of explaining in the approach of 
entropic information theory based on themass of the bit of information various processes as 
being several aspects of the entangledinformationalcontentofthe universe. 
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