
On the Foundations of Physics-I

Why the Information Loss Paradox is a Red Herring

Abstract: The information loss paradox is a red herring that results from the false assumption
that unitary time evolution is a valid concept in a holographic world. In a holographic world
constructed in de Sitter space, like our world, unitary time evolution is not a valid concept, and
so there really is no such thing as an information loss paradox. This is the inevitable conclusion
we have to draw from the holographic principle of quantum gravity if we want to understand the
nature of our own world, which is a holographic world constructed in de Sitter space. Instead of
unitary time evolution, the correct way to formulate quantum theory is in terms of the observer's
own proper-time, which is the only valid definition of time in a dynamically curved space-time
geometry with gravity. This naturally leads to an observer-centric and observer-dependent
formulation of quantum theory. The defining principle of quantum theory is not unitary time
evolution, but the nature of entropic information, which must be encoded on a two dimensional
surface. If we understand that two dimensional surface as an event horizon that arises in the
observer's accelerated frame of reference, we are naturally led to the holographic principle.
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Introduction

All attempts to formulate physics in a foundational way are fraught with logical contradictions
that result from false assumptions, circular reasoning and paradoxes of self-reference. This is the
problem of the first principles of our theories and the lack of logical consistency among the first
principles. Where do those first principles come from? Can those first principles be logically
consistent? A first principle of quantum theory is unitary time evolution, which assumes there is
a universally valid definition of time that all observers will agree upon. A first principle of
relativity theory is the principle of equivalence, which tells us that an observer's accelerated
frame of reference is equivalent to the nature of gravity in a curved space-time geometry, within
which there generally is no universally valid definition of time that all observers will agree upon.
Only the observer's own proper-time has any validity as a definition of time. Until we reconcile
this logical contradiction, there can be no hope of unifying quantum theory with relativity theory.

The Paradox

The information loss paradox was discovered because Stephen Hawking was able to show that
the information for everything that falls into a black hole becomes disentangled from the
information for the Hawking radiation that carries thermal energy away from the black hole as
the black hole appears to evaporate away. Hawking radiation depends on a unique killing vector
defined at the event horizon of the black hole. The killing vector replaces the ordinary time



derivative, 𝛋=∂/∂t, which is only possible when time and space decouple and positive and
negative frequencies can be separated, which is the case at the event horizon of a black hole. In
quantum theory, E=hf, and so negative frequencies carry negative energy. This is related to
unitary time evolution since the defining equation of quantum theory at an operator level is
H=iħ∂/∂t, which tells us the quantum state evolves in time as ψ(t)=exp(−iHt/ħ)ψ(0).

Unitary Time Evolution

The decoupling of space and time within a curved space-time geometry is understood to only
occur in a stationary space-time, for which there is a continuous family of time displacements
that preserve the metric of the space-time geometry. These time displacements are generated by a
time-like killing vector, 𝛋, which allows for a natural time parameter to be defined as 𝛋=∂/∂t,
where the spatial coordinates must be constant along the curves of 𝛋. Only in such a stationary
space-time geometry can positive and negative frequencies be separated. Unitary time evolution
is only a valid concept in such a stationary space-time. The essence of this logical argument can
be found in Roger Penrose's book The Road to Reality.



Stationary Space-time Geometry

The nature of Hawking radiation at a black hole event horizon is that virtual particle-antiparticle
pairs appear to separate at the event horizon. The virtual particle is radiated away from the event
horizon toward an external observer and appears to become a particle of thermal radiation that
carries positive heat energy, while the virtual antiparticle falls into the black hole and carries
negative energy that reduces the mass of the black hole as the black hole appears to evaporate
away. This is only possible because the black hole event horizon has a killing vector that
decouples space from time and separates positive and negative frequencies. When considered in
isolation, this process appears to cause information loss within the black hole because the
separation of positive and negative frequencies at the event horizon is equivalent to a quantum
state reduction that disentangles the quantum state.

Hawking Radiation
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Hawking Radiation

In quantum field theory, the virtual particle-antiparticle pairs are entangled in a quantum state.
Information is encoded in a quantum state of potentiality in terms of that quantum entanglement.
A quantum state reduction disentangles the quantum state as an observable state is actually
observed, and in the process of observation, information is lost. As considered in isolation,
information appears to become lost at the black hole event horizon as virtual particle-antiparticle
pairs appear to separate and become disentangled, which is equivalent to an observation or a
quantum state reduction. That's how Hawking understood the information loss paradox, which



seems to violate unitary time evolution. The whole paradox is a red herring since unitary time
evolution only applies to the quantum state if there is no observation or quantum state reduction.

Unitary Time Evolution and Quantum State Reduction

Quantum State of Potentiality as a Sum Over All Possible Paths

By its very nature, an observation reduces the quantum state, which disentangles whatever was
entangled within the quantum state, and resets the process of unitary time evolution. Only if we
consider unitary time evolution without quantum state reduction and observation is there any
information loss paradox. This is a red herring since the very nature of events in time are
observations that reduce the quantum state and disentangle whatever was entangled within the
quantum state. When we talk about observing Hawking radiation, we're talking about reducing
and disentangling the quantum state. There's only an information loss paradox if we consider
things at the level of unitary time evolution, which means no observations are being made.

The holographic principle was discovered because it is just not correct to consider the black hole
in isolation. We can't just consider what's happening to information at a black hole event horizon.
We also have to consider what's happening to information out at a cosmic event horizon. The
cosmic event horizon is like a holographic screen that projects all the images of whatever is



observed to happen in a holographic world, which includes the black hole. The information that
characterizes the black hole is ultimately encoded on the cosmic horizon. Everything perceivable
in a holographic world can ultimately be reduced to entangled qubits of information encoded on
a cosmic horizon. The AdS/CFT correspondence solves the information loss paradox because the
boundary of anti de Sitter space also has a time-like killing vector that decouples space from time
and allows for the separation of positive and negative frequencies. This means that unitary time
evolution is valid at the boundary of anti de Sitter space, which is like a cosmic horizon. In the
sense of unitary time evolution, there never is any information loss in anti de Sitter space, but the
AdS/CFT correspondence is a special case that only applies to anti de Sitter space.

Holographic Projection from a Cosmic Horizon

A unique time variable can be defined on the boundary of anti de Sitter space because there is a
uniquely defined time-like killing vector at the boundary that decouples space from time and
allows a conformal field theory to be defined on the boundary that undergoes unitary time
evolution. The conformal field theory is equivalent to the effects of gravity as experienced within
anti de Sitter space. In the sense of the holographic principle, all the effects of gravity that can be
experienced within anti de Sitter space are a holographic projection of the way entangled qubits
of information are encoded on the anti de Sitter boundary, which acts as a holographic screen.

AdS/CFT Correspondence



The boundary of anti de Sitter space is a conformal boundary. The killing vectors defined at the
boundary of anti de Sitter space are the killing vectors of a sphere that generate a rotation group,
just like the Lorentz group of Minkowski space. The boundary of anti de Sitter space is a
conformal Minkowski space. This includes a time-like killing vector that allows for a definition
of time in the sense of a time translation. That's why a conformal field theory can be defined on
the boundary of anti de Sitter space that undergoes unitary time evolution, just like the quantum
field theories defined in Minkowski space. The geometry of de Sitter space is completely
different in that de Sitter space is not a stationary geometry and no unique time-like killing
vector can be defined in de Sitter space that allows for unitary time evolution in the sense that
𝛋=∂/∂t and H=iħ∂/∂t. The basic problem is the de Sitter cosmic horizon is observer-dependent.
The only valid definition of time in de Sitter space is the observer's own proper-time.

Depiction of Anti de Sitter Space

There's recently been a great deal of interest in how the AdS/CFT correspondence solves the
information loss paradox in terms of entangled black holes that are connected by wormholes.
This is called ER=EPR. The wormhole is an Einstein-Rosen bridge that connects a pair of black



holes, which are entangled like an EPR pair of spin variables. When we don't consider the black
hole in isolation, but consider how the information the black hole encodes on its event horizon is
entangled through wormholes with the information other black holes encode, there is no loss of
information as Hawking radiation appears to be radiated away from the black hole. The quantum
entanglement of black holes through their connection by wormholes preserves all the information
at the level of unitary time evolution and an entangled quantum state. The ultimate solution for
the information loss paradox in anti de Sitter space is the way entangled qubits of information are
encoded on the conformal boundary of anti de Sitter space that defines that holographic world.

Entangled Black Holes Connected by a Wormhole

There are several reasons why the information loss paradox is a red herring. First, the paradox
only applies at the level of unitary time evolution, which assumes the quantum state is never
reduced and no observations ever occur. By its very nature, an observation of Hawking radiation
is a quantum state reduction that disentangles the quantum state. Information is always lost when
an observation is made and the quantum state is disentangled. When we talk about the events that
occur in time, we're talking about things at the level of observation, which implies quantum state
reduction and information loss. Second, we always have to consider how information is encoded
on a cosmic horizon. Whatever is being observed in a holographic world, like a black hole, that
information is ultimately encoded on the cosmic horizon. The information for everything
perceivable in a holographic world can ultimately be reduced to information encoded on the
cosmic horizon. This was the whole motivation for the discovery of the holographic principle in
the first place. We can't consider the black hole and its Hawking radiation in isolation. The
information for the Hawking radiation and the information encoded on the black hole event
horizon are both ultimately encoded on a cosmic horizon. Third, we don't live in anti de Sitter
space. We live in de Sitter space. Unitary time evolution simply does not apply to de Sitter space
because there is no unique time-like killing vector defined in de Sitter space that decouples space
from time and allows for the separation of positive and negative frequencies. The whole concept



of unitary time evolution is invalid in de Sitter space when the de Sitter cosmic horizon is
understood to encode information for everything that can be observed in that holographic world.

The Fallacy of Formulating Quantum Theory in Minkowski Space

The idea of killing vectors in a curved space-time geometry relies on a notion of differentiation
in the geometry, which is called a connection. The space-time geometry is characterized by a
metric, g, that allows for the measurement of proper-time along the path of any curve through the
geometry as τ=∫ds, where ds2=gabdxadxb. A geodesic is a curve that maximizes the proper-time
between two points in the geometry, which in Euclidean terms is like a curve that measures the
shortest possible distance between two points in the geometry. The killing vectors are defined in
terms of the connection in that Lie differentiation of the metric with respect to the killing vectors
results in zero, which is called the annihilation of the metric. Killing vectors are important
because they can be understood as generators of the symmetries of the space-time geometry. This
is easiest to see in Minkowski space where the metric is ds2=dt2−(dx2+dy2+dz2)/c2. Minkowski
space is a flat space-time geometry without any curvature, which means there is no gravity.

Minkowski space is characterized by the symmetries of the Lorentz group, which are the
symmetries of space-time translations and rotations in the geometry that underlie the physical
conservation laws of energy, momentum and angular momentum, including spin angular
momentum. The generators of the Lorentz group are 4x4 matrices similar to the Pauli spin
matrices, and their commutation relations obey a Lie algebra. The Lorentz group is SO(3,1)
which is isomorphic to SU(2)XSU(2). There are 10 generators of the Lorentz group, which
correspond to 4 space-time translations and 6 space-time rotations. There are also 10 killing
vectors in Minkowski space. The killing vectors also have commutation relations that obey the
same Lie algebra, and so the killing vectors are equivalent to the generators of the Lorentz group.

Minkowski space is a stationary space-time geometry that allows for a definition of time in terms
of a time-like killing vector 𝛋=∂/∂t, where 𝛋 is a time displacement that preserves the metric and
leaves the spatial dimensions unchanged. All observers in Minkowski space will agree upon the
same definition of time. This is the fundamental reason why unitary time evolution and quantum
field theories can be defined in Minkowski space. There has to be a universally accepted
definition of time that all observers will agree upon. This is not the case in a dynamically curved
space-time geometry with gravity. In general, the only definition of time in a dynamically curved
space-time geometry is the observer's own proper-time, as the observer follows a world-line
through that space-time geometry. Each observer has its own definition of time given in terms of
its own proper-time, and different observer's will not agree upon the definition of time.

This is the situation in de Sitter space. Every observer in de Sitter space is at the central point of
view of its own accelerated expansion of space and observes events in that space-time geometry
from that point of view. Every observer observes its own observer-dependent de Sitter cosmic
horizon. Every observer defines time in terms of its own proper-time as the observer follows a



world-line through that space-time geometry. Different observers simply do not agree upon the
definition of time. My point of view is not the same as your point of view. My cosmic horizon is
not the same as your cosmic horizon. My proper-time is not the same as your proper-time.

This is the basic reason why unitary time evolution and quantum field theories cannot in general
be defined in a dynamically curved space-time geometry, and is the reason why gravity cannot be
understood as a quantum field theory and unified with the other quantum field theories. There
simply is no definition of time that all observers will agree upon, and so unitary time evolution is
generally not a valid concept in a dynamically curved space-time geometry.

The very idea of relativity theory is as a description of the different effects different observers
observe in different frames of reference that move relative to each other with either uniform or
accelerated motion. A frame of reference is an observer and its coordinate system, which can be
represented in terms of spatial and time coordinates as (x,y,z,t). The observer itself can only be
understood as the central point of view that arises at the origin of that coordinate system and that
observes whatever effects appear to happen in that coordinate system. The word "relative" is
literally referring to the different effects that different observers observe in different coordinate
systems that move relative to each other. Minkowski space only describes uniform relative
motion, while the notion of gravity or a curved space-time geometry implies accelerated motion.

Minkowski space is special in that we can define a time variable that all observers will agree
upon. In the sense of a time-like killing vector, this time variable represents a time displacement
or a time translation as 𝛋=∂/∂t. The killing vectors of Minkowski space are equivalent to the
generators of the Lorentz group, which represent the symmetries of space-time translations and
rotations in Minkowski space. The generators of the Lorentz group have commutation relations
that obey a Lie algebra. We normally think of the generators as 4x4 matrices, but in the sense of
quantum theory, we can also think of them as vector operators, like the angular momentum
operator, which has components that have commutators that also obey a Lie algebra. In ordinary
quantum theory, that algebra defines a rotation group that gives a mathematical representation of
rotational symmetry on the surface of a 2-sphere. This rotation group is called SO(3), which is
isomorphic to SU(2), and so we have spin angular momentum in addition to ordinary angular
momentum. In some sense, killing vectors in Minkowski space are like an angular momentum
operator in ordinary quantum theory, except things are more complicated because we have to
understand them as 4-vectors in a 3+1 dimensional space-time geometry, where rotations can
also occur in a space-time plane, which is how spin angular momentum is generated, and we also
have to include operators for time translation and spatial translations. Minkowski space is special
in that there is a time-like killing vector that represents time translation invariance and allows for
a definition of a time variable that all observers in Minkowski space will agree upon.

This is generally not the case in a curved space-time geometry with gravity. In general, there is
no time-like killing vector that represents time translation invariance and allows for a definition
of a time variable that all observers in the curved space-time geometry will agree upon. The only



definition of time that is valid in a curved space-time geometry is the observer's own proper-time
that the observer experiences as the observer follows an accelerated world-line through that
curved space-time geometry. That curved space-time geometry literally arises from the observer's
own acceleration. The principle of equivalence tells us that the effects of gravity are equivalent
to the observer's own acceleration in its own accelerated frame of reference. Different observers
in different accelerated frames of reference observe different effects of gravity because they
literally observe a different curved space-time geometry in that accelerated frame of reference.

In general, different observers do not agree upon the different effects of gravity that they observe
in different accelerated frames of reference. This is the fundamental reason why a universally
valid time variable cannot be defined that all observers will agree upon. The only valid definition
of time in a curved space-time geometry with gravity is the observer's own experience of its own
proper-time as the observer follows a world-line through that curved space-time geometry. Only
the observer's own proper-time, defined as τ=∫ds, where ds2=gabdxadxb, and where the integration
is along the path of the observer's own world-line, is invariant in relativity theory.

Proper-time Integrated Along the Path an Observer Follows Through a Curved Space-time
Geometry is Defined in Terms of the Metric as τ=∫ds, where ds2=gabdxadxb.

This is the fundamental reason why unitary time evolution is not a valid concept in a curved
space-time geometry. In the general case of a curved space-time geometry with gravity, there is
no universally valid time variable that can be defined that all observers in that curved space-time
geometry will agree upon. Each observer only knows about its own proper-time. What this
means is that the whole foundational structure of quantum theory, as mathematically represented
by unitary time evolution, is invalid in a dynamically curved space-time geometry with gravity.



An Observer-centric and Observer-dependent Formulation of Quantum Theory

How do we rectify this fundamental problem? The answer is we have to understand quantum
theory in an observer-centric and observer-dependent formalism. Instead of mistakenly assuming
that a universally valid time variable can be defined that all observers in a dynamically curved
space-time geometry with gravity will agree upon and that unitary time evolution is a valid
concept, we have to reformulate quantum theory in an observer-centric and observer-dependent
way by recognizing that the only valid definition of time is the observer's own proper-time.

This is exactly what the holographic principle accomplishes. We have to begin with the observer
in its own accelerated frame of reference. The observer has to come first. In the holographic
principle, the observer is only understood as the central point of view of a holographic world that
arises in the observer's own accelerated frame of reference. That holographic world only appears
to come into existence because of the observer's own accelerated motion that gives rise to the
observer's event horizon that acts as its holographic screen when the horizon encodes qubits of
information. The qubits of information are mathematically represented by matrices, which are
two dimensional arrays of numbers that must be encoded on a two dimensional surface. That
surface is the observer's own event horizon that acts as its holographic screen and displays all the
images of things in its own holographic world. The observer itself can only be understood as the
central point of view of that holographic world that observes all the events of that world.

Observer-centric Formulation of Quantum Theory

Ultimately, the holographic principle tells us that nothing is invariant for all observers. There is
no observation that all observers will ultimately agree upon. Nothing that can appear to happen



in any observer's holographic world is invariant for all observers. This strange state of affairs is
best exemplified by the nature of Hawking radiation from the event horizon of a black hole.

An accelerated observer that hovers just outside the event horizon of a black hole observes
thermal radiation radiated away from the surface of the event horizon, which is called Hawking
radiation. This observer is in an accelerated frame of reference since the observer must accelerate
away from the black hole with an equal but opposite acceleration as that caused by the force of
gravity from the black hole in order to maintain its stationary position just outside the event
horizon. The separation of virtual particle-antiparticle pairs at the event horizon gives rise to the
observation of this thermal radiation. On the other hand, a freely falling observer that falls into
the black hole experiences no acceleration, and therefore observes no event horizon and observes
no Hawking radiation. For the freely falling observer, these things simply do not appear to exist.
Only the accelerating observer observes the apparent existence of the Hawking radiation.

Principle of Equivalence

How can the apparent existence of Hawking radiation be observer-dependent? The simple
answer is that's the nature of a holographic world, where everything that can be observed in that
world is observer-dependent. This is inherently an observer-centric and observer-dependent
description of observable reality, in which the existence of the observer in its own accelerated
frame of reference must come first. Nothing that the observer can observe in its own holographic
world can be invariant for all observers. Other observers observe their own holographic world
from the central point of view of their own world as events in that world are displayed on their
own holographic screen, and what one observer observes in its own world need not be the same
as what another observer observes. There can only be limited agreement among the observations
of different observers to the degree that their holographic worlds share information, which is
only possible because their respective holographic screens can overlap like a Venn diagram.



Information Sharing Among Overlapping Holographic Screens

This strange state of affairs is really no different in kind than a computer-generated virtual
reality. Each observer plays the virtual reality game on its own computer as images of the game
are displayed on its own computer screen, and what one observer observes only agrees with what
another observer observes to the degree that there is information sharing among the different
computers, which is possible because their respective computers are connected by the internet.

The lesson of the holographic principle is that the nature of an observable holographic world can
only be understood in an observer-centric and observer-dependent way. The observer in its own
accelerated frame of reference must come first. The observer's acceleration gives rise to its event
horizon that becomes its holographic screen when the horizon encodes qubits of information, and
everything the observer can observe in that holographic world is like an image displayed on its
own holographic screen that can be reduced to qubits of information encoded on the screen.
There is no valid way to define time in that holographic world other than the observer's own
proper-time. Every observer arises at its own point of view at the center of its own holographic
world. Every observer experiences its own proper-time as it follows a world-line through that
holographic world. Every observer observes events in its own holographic world as displayed on
its own holographic screen that arises as its own event horizon due to its own acceleration.

The whole formalism of quantum field theory is based on the mathematical structure of
Minkowski space. What we call fields in quantum field theory, like the spin ½ spinor field for the
electron or the spin 1 vector field for the photon, are irreducible representations of the Lorentz
group. In a dynamically curved space-time geometry with gravity, this mathematical formalism
breaks down. The only known way to overcome this obstacle is the holographic principle.

There are other related reasons why gravity, in the sense of Einstein's field equations for the
space-time metric, cannot be understood as a quantum field theory. Quantum field theories can
only be defined in gravity-free, flat Minkowski space. There is something logically inconsistent
with the idea of quantizing Einstein's field equations in gravity-free, flat Minkowski space when
the very nature of gravity is understood as the dynamical curvature of a space-time geometry.



The holographic principle is what we are naturally led to if we really want to understand the
nature of quantum theory in a curved space-time geometry. The concepts of unitary time
evolution and a universally defined time variable that all observers will agree upon, as assumed
in all quantum field theories, are simply not valid concepts in a curved space-time geometry.
Once we take the leap into an observer-centric and observer-dependent description of observable
reality, we are forced into considering the holographic principle.

The Discovery of Holographic Entropy

The other problem with the usual formulation of quantum theory in the sense of unitary time
evolution is that when we combine quantum theory with gravity, we discover that there is a
shortest distance scale that we can measure, which is the Planck length. We measure distances by
focusing energy into a region of space. We have to focus energy in terms of light waves into a
region of space to measure a distance scale, and the energy of that light wave is given in terms of
its wavelength as E=hc/λ. To measure smaller distance scales we have to use smaller
wavelengths, which means higher energy. At some point, we focus so much energy into such a
small region of space that we create a black hole. If we focus even more energy into an even
smaller region of space, we only make the black hole bigger with a larger event horizon. The
distance scale at which the black hole must form is the Planck length, and so the smallest
distance scale that we can ever measure is the Planck scale. A Planck-size event horizon is the
smallest event horizon that can ever be created. We only make the black hole bigger when we
focus more energy into it. Combining gravity with quantum theory tells us that there is a
fundamental limitation in our ability to measure distances at the Planck scale.

This is how Jakob Bekenstein discovered holographic entropy. Bekenstein imagined adding a
single qubit of information to a black hole, and asked what happens to the event horizon. That
single qubit of information is carried by a photon that we know nothing about except for its
polarization state. The photon is polarized in either a right-handed or left-handed polarization
state, which is the same as a spin variable that is either spin up or spin down, and so carries a



single qubit of information. When that qubit of information is added to the black hole, the event
horizon of the black hole increases in size by about a single Planck area. It is as though each
Planck area on the event horizon encodes a single qubit of information, like pixels on a computer
screen. A Planck-size event horizon is the smallest possible event horizon because it encodes a
single qubit of information, which is the smallest amount of information we can ever measure.

Larger event horizons encode more qubits of information, but always in terms of an integral
number of Planck areas. This is the basic idea of the holographic principle that says the number
of qubits of information encoded on the two dimensional surface of an event horizon is given in
terms of the surface area, A, of the event horizon and the Planck area, ℓ2=ħG/c3, as n=A/4ℓ2.

Holographic Principle

A single qubit of information is defined on a Planck-size event horizon. A qubit is defined by an
SU(2) matrix, like a Pauli spin matrix, and encodes information in a binary code, like a switch
that is either on or off, because the eigenvalues of the SU(2) matrix define observables in terms
of spin up and spin down states. This information is inherently entangled because the SU(2)
matrix also gives a mathematical representation of rotational symmetry on the surface of a
2-sphere. At the level of qubits, quantum entanglement is a mathematical representation of this
rotational invariance, which is fundamentally defined on the surface of an event horizon.

Entropic Information as the Foundation of Quantum Theory

Unitary time evolution is not the only possible defining principle for quantum theory. There is
also the idea of entropic information as the foundation for quantum theory. If we abandon the
idea of unitary time evolution as fundamental, accept that the observer's own proper-time is the



valid definition of time, and adopt an observer-centric and observer-dependent description of
observable reality, then we can reformulate quantum theory in terms of entropic information.

What exactly is entropic information? The simple answer is a qubit of information. A qubit is
mathematically defined by an SU(2) matrix, like a Pauli spin matrix. The eigenvalues of the
matrix give the observables in terms of spin up and spin down states, but the matrix also gives a
mathematical representation of rotational symmetry on the surface of 2-sphere, which is the
essential nature of quantum entanglement as expressed at the level of qubits. A qubit of
information is mathematically represented by an SU(2) matrix, which is a two dimensional array
of numbers that can only be encoded on a two dimensional surface. Where does that encoding
surface come from? The simple answer is that the encoding surface is a two dimensional surface
of space that arises as an event horizon in an observer's accelerated frame of reference. That
encoding surface is the observer's holographic screen that defines its own holographic world.

Qubit as the Information Encoded on the Surface of a Planck-size Event Horizon

It's worth discussing the nature of event horizons in greater detail. Every accelerating observer
has an event horizon, which is a two dimensional bounding surface of space that limits the
observer's observations of things in three dimensional space. Nothing is observable to an
accelerating observer beyond the limits of its event horizon because a light ray that originates on
the other side of the event horizon can never reach the observer as long as the observer continues
to undergo its acceleration. An event horizon is a direct result of the constancy of the speed of
light for all observers, independent of their relative states of motion. The speed of light is not
about light per se, but is about the maximal rate of information transfer in three dimensional
space, similar to how information is transferred within a computer network. Since the
holographic principle in effect gives a way to construct the network of a quantum computer, the
rate of information transfer plays an important role in that construction. An event horizon acts as
a holographic screen when it encodes qubits of information, like a computer screen, which is the



output device of a computer. Information is being outputted to an observer. That construction
process begins with the observer's own acceleration that gives rise to its event horizon.

Accelerating Observer's Event Horizon

There are several different kinds of event horizons. A Rindler horizon is an event horizon that
arises when an observer follows an accelerating world-line through its space-time geometry. A
de Sitter cosmic horizon arises due to the accelerated expansion of space that expands relative to
the central point of view of an observer. At the observer's cosmic horizon, space is moving away
from the observer at the speed of light, and since nothing can travel faster than the speed of light,
nothing is observable beyond the limits of the cosmic horizon. A black hole event horizon arises
due to the force of gravity at the horizon, which is so strong that even light cannot escape.
Escape velocity at the black hole event horizon is the speed of light. An important point is that
all the effects of the black hole event horizon, like Hawking radiation, are observer-dependent,
and are only observed by an accelerating observer that maintains a stationary position outside the
event horizon. A freely falling observer experiences no acceleration and no effects of an event
horizon. For the freely falling observer, there is no event horizon and no Hawking radiation. The
situation with a Rindler horizon and a de Sitter cosmic horizon is similar. Only an accelerating
observer observes the effects of an event horizon, like the thermal radiation of the Unruh effect.

In all cases, a light ray that originates on the other side of the observer's event horizon can never
reach the observer as long as the observer continues to accelerate, and so nothing is observable to
the observer beyond the limits of its event horizon. This is simply a consequence of the nature of
accelerated motion and the constancy of the speed of light. The holographic principle is built on
the nature of event horizons, which act as holographic screens when they encode qubits of
information. The event horizon always arises in an observer's accelerated frame of reference and
it is the observer itself that is observing the effects of the event horizon, like the thermal radiation
of the Unruh effect. Once we understand the nature of holographic entropy in terms of qubits of



information encoded on an observer's event horizon, and understand the nature of the Unruh
effect that gives the event horizon a temperature, then the laws of thermodynamics explain the
nature of gravity, as formulated in terms of Einstein's field equations for the space-time metric,
as thermodynamic equations of state that are only valid near thermal equilibrium. Instead of
quantizing Einstein's field equations like a quantum field theory, the holographic principle turns
the very idea of quantum gravity completely around, and gives us Einstein's field equations as an
effective field theory that is only valid near thermal equilibrium. The holographic principle is not
really a theory of quantum gravity, but a way to completely avoid the problem of field theories.

Accelerated Expansion of Space

Instead of trying to quantize Einstein's field equations as a quantum field theory, the holographic
principle assumes that information is encoded on event horizons in terms of qubits. A qubit is
mathematically represented by a two dimensional array of numbers called a matrix that must be
encoded on a two dimensional surface. That surface arises as an event horizon in an observer's
accelerated frame of reference. Every observer observes events in its own holographic world as
defined by the way qubits of information are encoded on its own event horizon that acts as a
holographic screen. The observer's holographic world is characterized by a dynamically curved
space-time geometry that can be reduced to the way qubits of information are encoded on its own
event horizon. Every observer carries with itself its own sense of proper-time that arises from its
own accelerated motion that can be understood as a world-line that it follows through that curved
space-time geometry. The observer itself can only be understood to be a point of view that arises
at the center of its own holographic world. Fundamentally speaking, the whole thing has to begin
with the observer and its own accelerated motion in an accelerated frame of reference.

Relativity theory doesn't attempt to explain what the observer is, only that the observer is at the
central point of view of its own coordinate system that defines a frame of reference and that the
observer observes whatever events appear to happen in that frame of reference. In effect, the
observer is at the central point of view of its own space-time geometry that arises in that frame of
reference, which is a curved space-time geometry if that frame of reference is accelerated. The



holographic principle tells us that curved space-time geometry is defined on the observer's own
holographic screen that arises as an event horizon in its accelerated frame of reference.

The holographic principle tells us that the observer's curved space-time geometry is not really a
fundamental thing. That curved space-time geometry can be reduced to more fundamental
information and energy. The nature of that fundamental information are qubits of information
encoded on the observer's own holographic screen that arises as an event horizon in its own
accelerated frame of reference. The nature of that fundamental energy is the energy inherent in
the observer's own acceleration. The observer's curved space-time geometry is characteristic of
its own holographic world that can only appear to come into existence due to the observer's own
acceleration, which is more fundamental than the appearance of that holographic world.

Even the elementary particles that appear to exist within and to move through the space-time
geometry of the observer's holographic world, as characterized by their position in space and
their motion through space, can be reduced to the same kind of more fundamental information
and energy. The position and momentum coordinates of a particle can also be reduced to qubits
of information encoded on the observer's own holographic screen that arises as an event horizon
in its own accelerated frame of reference and the energy inherent in that acceleration.

Conclusion

If we abandon the concept of unitary time evolution, as assumed in the standard formulation of
quantum theory, and understand that unitary time evolution is not something fundamental, there
really is no information loss paradox because there is no such thing as unitary time evolution.
Unitary time evolution simply does not apply to a holographic world constructed in de Sitter
space since there is no uniquely defined time-like killing vector in de Sitter space that all
observers will agree upon that decouples space from time and allows for unitary time evolution
in the sense that 𝛋=∂/∂t and H=iħ∂/∂t. Every observer in de Sitter space is at the central point of
view of their own accelerated expansion of space, and only the observer's own proper-time gives
a valid definition of time. Every observer experiences its own proper-time and observes its own
de Sitter cosmic horizon. We have to assume that all observers will agree upon a universally
valid definition of time before unitary time evolution can be a valid concept and there can ever
be an information loss paradox, which is simply not the case in de Sitter space. If in reality there
is only an observer and the observer's own de Sitter cosmic horizon that encodes entangled
qubits of information for everything the observer can perceive in its own holographic world and
acts as the observer's own holographic screen that displays images of everything the observer can
perceive in its own holographic world, then there is no information loss paradox.
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