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Abstract

Observational evidence suggests that the univessanfinite, geometrically flat,
homogeneous and isotropic on large scales. Henceshweld expect to find large
numbers of identical copies of any object consistath the laws of physics including
conscious identities like people. Under suitabléiams of continuity of identity, This
would imply that immortality of these conscious ntlées is a consequence of
functionalism. | argue that the same conclusion lmamrawn using an Everett Deutsch
interpretation of quantum mechanics. | also arghg this is the correct interpretation.
Lewis’s “terrifying corollary” is reviewed and | situss how Bostrom’s simulation
argument, if correct, might mitigate our futures.

1 Introduction

It has been referred to as “quantum physics diittg secret” [1, p6] — perhaps because
to publicise it might lead those people, who littladerstand it, to develop suicidal
tendencies in the hope that they might get intetéeb universe — This is definitely not a
good idea!

We'll look at this little secret in more detail éait But in order to do this we will need to
develop some background.

First it must be said that the word “worlds” iseftused interchangeably for “universes”
in the literature. It is natsed to mean planets like our own parochial wakldo the idea
of an observation or experiment translates intoinary language as “looking”,
“listening”, “touching” etc. as well as for morectaical approaches such as using
Charge Coupled Devices to detect individual photarislight in astronomy or
interferometry.

2 Infinity - or at least an unboundedly large number!
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When | first started to write this paper, | wantedjive an explanation which was largely
free of the hieroglyphics of mathematics but | fehave failed to some extent. However,
to those not familiar with any mathematical terrigat appear, my advice is to just skip
over them and keep reading until you pick up thekrof the argument again in the text.
In any case | have put most of the mathematics appendices. Unfortunately the
language of the univerd® mathematics and so inevitably, it is true that Abk theories
of the physical world that work i.e. actually erahk to use them practically, prove them
true experimentally, understand them and use therterms of their explanatory power
are all able to be written down in the form of neatfatical equations. This means that
they form a coherent integrated body of ideas ajqh#ons which have explanatory
power, enabling new discoveries to be either actated into the body of existing
knowledge or used as an insight restructure, warghies that whole body of knowledge.
When | speak of theories here then, | mean thedessribed in terms of mathematics. |
also think it is largely true that biology and chstry are really just emergent effects
which arise from the underlying particles and feelMhich are governed by quantum
theory and relativity.

There is however one somewhat obscure aspect dematics which | will need to draw
upon in this paper. This is the notion of infinity given by the symboleo.
Mathematicians, engineers and physicists use tgf(m a less obscure way) all the time,
especially because it forms the basis of one of iest powerful branches of
mathematics ever discovered (by Newton and Leibnia)led “calculus”. For our
purposes here though, just a few of the more obsptwperties about infinity will be
needed.

First of all, if you have a continuous line of deyngth which lies in a continuous space,
then the line will have a (continuously) infinitember of points on it [see note 5]. If you
then divide this line into two equal lines, therleaf these lines will also have an infinite
number of points on them — even if the two lines @frunequal but finite length! It also
comes as a surprise to many non mathematiciareata that there are as many points
(an infinity of them) on a line of a given length thhere are within a square which has a
side equal to this length. Moreover, it is alsaettbhat two circles of different radii both
have an equally infinite amount of points withireth even though they are different in
“size” or “measure’ This idea will be important lateEssentially “a measure” is a
method by which a theory gives meaning to propostiand averages of infinite sets of
things such as universe&nother thing about infinity which follows from wah | have
just explained is that infinity can be divided b¥irate number and the result will also be
infinite e.qg.

00 +-N=o00

where n = any finite, non zero number.

There are some people (called “finitists”) who adlat only finite abstract entities exist.
The Oxford Physicist David Deutsch, Visiting Prafes of Physics at the Centre for
Quantum Computation at Oxford University, works fondamental issues in physics,
particularly the quantum theory of computation amfdrmation. A leading proponent of
the parallel universes ontology, argues:
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“That finitists would say that only finite abstraattities exist. So, for instance, there
are infinitely many natural numbers, but finitistssist that that is just a manner of
speaking. They say that the literal truth is origttthere is a finite rule for generating
each natural number from the previous one, andimgliherally infinite is involved. But
this doctrine runs into the following problem: ieete a largest number or not? If there is,
then that contradicts the statement that thererideathat defines a larger one. If there is
not, then there are not finitely many natural nurabEinitists are then obliged to deny a
principle of logic: the ‘law of the excluded middlevhich is that, for every meaningful
proposition, either it or its negation is true. faatists say that, although there is no
largest number, there is not infinity of numbetsei!” [7, p165].

Again non mathematicians also find it strange tecaover that there are even different
kinds of infinity, but we will not have need to guto these details here. It's probably
easier to just imagine infinity to be an unboun@adount that is just so unbelievably
huge that it makes your brain hurt to think abaaw big it could be!

Now we can begin to explain how immortality canldal from some basic facts and
assumptions about the universe. The first step &lopt the philosophical position called
“functionalism.” Functionalism is the reasonableadthat our consciousness depends
only upon the arrangement or structure of our lsraind bodies. If you believe that we
have some form of ethereal soul, and that consoessscannot be described by the laws
of science then we will never be able to explainsooousness. Functionalism on the
other hand, says that our consciousness (as farsasnown) is an emergent property of
the brain and therefore based on biochemical, reldoeémical and cellular structure only.
Essentially the brain is a very complex form of gamational system which is self
conscious. The next step is to see that immortaditya not only a consequence of
functionalism in modern classical cosmology, butoabh consequence of Quantum
Theory.

3 Cosmology

Cosmology is the study of the large scale structfréhe universe, whilst quantum
mechanics is usually associated with the very snsalhle structure of matter.
Cosmologists study mathematical models of the diffeuniverses we might be living in
to try to figure out which one of these models esponds to reality. Cosmologists
around the world study the data coming from telpesmn land and on satellites in space
to help them to develop equations which pin dowanrtiodel that best fits our particular
universe and then make predictions about its belkayvits age, size, how it began and
how it will end etc. These telescopes and instriusmanalyse incoming electromagnetic
radiation from a wide range of wavelengths (inahgdthe visible part of the spectrum).
The results of the analysis of the most up to dateonomical data tells us that the most
likely cosmological model that fits the observedadis one in which the universe is so
unbelievably huge, that it is effectively infinit@]. It is also “geometrically flat” on large
scales, which means that, in principle if two okees were travelling side by side in
parallel, at the same velocity, they would continadgollow nearly parallel trajectories
[see note 12]. Now, particles are normally attrddie each other by gravity, but the
further apart they are the more they experienoghan new kind of repulsive effect due
to the presence of a little understood form ofrgnealled “dark energy”. This has never
been directly detected but it causes the univergedw at an accelerating rate. Data from
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supernovae, initially prompted our belief in such axotic form of energy and has
subsequently confirmed this accelerated expansion.

Such a “flat”, infinite space has remarkable iroglions. One of which is that if an
observer were to set off in any direction, andaehad for long enough, then they would
eventually come across other solar systems, somwhich would be very similar to ours.
If they kept on going and going, they would eveliyiasooner or later, find a solar
system so incredibly similar to the one we live timat they would find in it an earth
exactly the same as ours, along with a twin of @lues doing exactly the same thing,
thinking the exact same thoughts as we are noveeadhis twin would have a body and
brain identical in every structural respect to thiginal. The cosmologist Max Tegmark
has even calculated an estimate of how far you te#@dvel before expecting to run into
your identical twin [6] Moreover, quantum physiadlg us that, if two subatomic
particles are of the same type then they are id&nfror example if you exchange all the
protons in your body with protons from the metalymur car, then there would be no
observable difference in the way either you or yoar behaved physically. This implies
that the identical twin that we found in our trasselould not only be like us, but it would
literally BE us. If space is truly infinite and léld homogeneously with galaxies as our
universe appears to be, then we would not find que twin exactly identical to us.
Indeed, if we kept on going, we would find yet drestand another and another....all
existing in lock step.

For those who still find it difficult to believe ian infinite universe, then it's worth trying
to think of an alternative. The cosmologist Max imegk steps in here and suggests
whimsically what the alternative might be. He swuglgeghat, somewhere out in space far
far away, there might be a sign that says “Spaaks Etere — Mind The Gap!” [5] or [see
note 6]

So here is our first indication of where the potisybof immortality comes from. If there
are infinitely many copies of me all doing the saimag, then effectively all of them are
me, all having the same histories — a “history'nirthe mathematical viewpoint is just a
curve in three dimensional space which also tracésyour path in the fourth dimension
of time (You have to suppress one or two space msmas to draw it!). One can imagine
all these histories of identicaie’s being represented by a bundle of infinitedniss like
the lines in the tubes or branches shown in Figubelow. Even though these histories
are bundled together to form a kind of tube, thdlywgually be extremely far away from
each other. What gives them “closeness”, as depiat¢he diagram, is the fact that the
histories are all identical. The histories defifie€'s” drawn in “space” which extend in
time. Any bundle of identical histories is suchttlizere is no way of thinking about
“which history is which”. They are all identical.aDid Deutsch, an expert in fundamental
guantum physics has referred to these types dafriestas “fungible” [7, p265], in that
they are identical in every respect, except thatehare more than one of them. In fact
there are an infinite number of identical instanafsach history.

However at times, these branches split — or rath@roportion of the universes in them
become different which means they too have nowdbradh. This branching is due to a
“measure” over the continuously infinite set of werses in a branch bundle). For
example, in some proportion of the me’s in theiahibundle, perhaps one particle in my
brain may move to a slightly different place thdintlee others in the bundle, making me
do something differently than the rest and we @ntlsen that these different versions of
me diverge in all that they do, from then on. Tlheaflel versions of me have now started
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to trace out different histories. At every instémat | make a decision - say whether
to go out or to stay at home - an infinite numbieme’s end up staying at home whilst an
infinite number me’s end up going out - it's theéasure” or relative proportions of the
whole that represent the difference in the differegts of universes. Note then that,
although the original bundle divides into two or ndoundles with different measure,,
each bundle still contains an infinite number ofsnRemember:

00+ N =00 where n = any finite non zero number.

Which universe we end up in is indeterminate tosextent (because they are fungible),
but if any of the branches diverge because the malem die, then there will always be
some probability that there will be an infinite bca bundle with me’s in them that live.

Since | cannot experience death directly, the magst consistent extension of my
experience will be in a branch bundle in whichndfimyself alive.

Working with infinite sets of histories like this hot as straightforward as | have made it
here and involves dealing with this concept of ttreeasure” of a set in more detail.
However, in practice, it means that if an infiniiember of identical me’s flip a fair coin
and are immediately shot dead if it comes up hdlaels, in roughly half of the infinite
number of worlds | was shot and my family mourng passing. In the other half they
see me survive and are glad. From my point of uewever, | can only experience a
branch in which | am conscious_so from my poinviefwv, | would only ever see the coin
land on a tails outcome and hence say “phew”.

This means there are an infinite number of me’a@hwith possibly an infinite number
of observers. And every observer also experiencgsndar branching effect — except
they may see me die but find they are immortal. Bgere 1 below.

Universes differentiate
into two new bundles

Initial infinite bundle | ; each containing an
of identical universes. f > infinite number of
E> ' > universes, but in the
> upper branch the

experimenter lives whilst
in the lower branch he
dies.
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You might argue that your particular history wa® avhich got tails, so you would just
die! However, if at all instants you cannot expecie death then, since abif these
branches are you, then you must only experienceches where you survive. In the
diagram above, all the initial “thick” bundle of reestart off experiencing the same thing.
After any branching though, you will always find wself in a universe (history) in
which you are alive. My relatives in the lower bethrhowever will see me die in their
branch - but I'm not there to worry about it be@usy consciousness does not reside in
a dead body! Because consciousness is implemangtdcopies of you before the coin
flips, if one or more copies is killed, the othéve on, your conscious experience must
follow the living versions. | repeat for clarity &h if your consciousness is
simultaneously implemented in two perfect copiegntif one copy dies and the other
lives, your conscious experience must “follow” fhegth of the one that lives. Since there
are an infinite number of copies of me, then peetiny number off, or dividing them up
won't change the fact that there will always beranioh of histories in which 1 live. It's
just e +n =coagain.

4 Quantum Theory

There is yet another way we can find ourselves danbmortal. Quantum theory (or
guantum mechanics as it is often called) was dis@alin the early 1900’s. There are
lots of theories in physics like Ohm’s law - whiekplains how electrical circuits work,
or the kinetic theory of gases which explains tebaviour of idealised gases i.e. gases
made of small particles such as atoms, or atomsicwd into compounds like carbon
dioxide (CO,). These theories are very important and their adisy has had an

enormous impact on our lives. However quantum thé®more mysterious and very
deep. It was stumbled upon, and discovered bitihyblp numerous scientists including
Einstein, Bohr, Heisenberg, Dirac, Born, De Brogli®auli, Schrédinger, and many
others. This is indicative of the fact that quantilm@ory is such a counterintuitive theory.
It took quite some time (nearly a century!) to gegrips with what the structure of the
theory was all about. It turns out that quantunotizes a theory like no others found
before it. Quantum theory appears to undegtiinhe other theories of physics in a way
which we could never have imagined. [see note 3].

Once the basic structure of the theory was diseolet turned out to be one of the most
powerful explanatory and predictive theories eviscavered. It helps to explain how
the periodic table of elements has the structuae ithdisplays and hence facilitates our
understanding of chemistry. It enables us to desigdical imaging devices like CT and
MRI scanners. It underpins how hard drives, mopi®nes and TV’s work and, in
particular, how transistors function. This means ce® build semiconductor devices
which give us some of the most advanced computers/orld has ever seen. Because we
can apply quantum theory, we can devise ever moveegul computing machines. In
fact the progress in this respect is such that,piner of these machines has been
expanding by doubling in speed every eighteen nsontbr so. This is an amazing
(exponential) pace. If your PC processor speedmsgeld to be 1Ghz today, then in
eighteen months it could be designed to be 2 GiMeighteen months more, it could be
4GHz . According to this law of growth — called &dres Law’, in just over fifteen years
the processor speeds could, in principle, be dedigo reach 1000GHz. Memory
capacity and storage capability also grow in theesavay.

6
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| use the word “discover” regarding quantum thedbpgcause it should be
remembered that all experimentally verifiable thed@re not inventelly people - they
truly are_discovered.You cannot discount quantum theory and say theauritt be true
because it's...“just a theory!” On the contrary, theories of physics that have been
confirmed by experiments ARE the truth about nasuleaws that are revealed in
mathematical forms rather than created by peopbedd quantum theory and relativity
are some of the most precisely tested theoriesarhistory of science. What can be said
though is that it is remarkable that people aree &bl uncover, understand and use
nature’s laws, but the reason why we can do thléctsaiuse we know her language — and
that language is mathematics.

Unfortunately, unlike relativity, which does havense intuitive structure, quantum
theory is really very much like a mathematical pecibased on a set of postulates,
discovered following a period of intense researchhe early 1900’s. Initially no one
seemed to be able to understand or explain whpdktulates are as they are - but no one
could or can seriously have any doubts that theyplkenus to produce correct predictions
to devised experiments. In fact no one has even ladde to produce an appropriate
experiment that quantum theory cannot predict th@babilistic outcome of. Even
Einstein tried to devise an experiment designedhimw that underneath the postulates
were a set of “hidden variables” which would expl#&ie theory in a more fundamental,
intuitive and satisfactory way. This was the fam&instein, Podolsky and Rosen (EPR)
experiment. It was Einstein’s guess that there sgasething missing in this strange set
of postulates and he believed that the EPR expatim®uld show that somehow
guantum mechanics was incomplete in some way. alt many years after Einstein’s
death before the technology enabled the EPR tds trarried out. Then in 1972 Clauser
and Freedman [3] performed the experiment. Thelteesame out in a way which
Einstein would not have liked. They indicated ttret predictions of quantum mechanics
were correct and that no physical theory of loddten variables could ever reproduce
all of the predictions of Quantum Theory i.e. thdden variables he thought would
underpin quantum theory were not there — at leassirna form that Einstein would have
expected [see note 1].

When quantum theory was being developed, an “indéapon” of the postulates and the
corresponding mathematical formalism was given kyid\Bohr and Werner Heisenberg.
This was known as the “Copenhagen Interpretatidhifortunately this interpretation
suffered from having to add an extra ad hoc potulavolving a dynamical process
called “the reduction of the wave function”. Theoplem with this extra postulate was
that the dynamic reduction process had no matheatakplanation and yet, for many
years the majority of practising physicists suligaxdi to this interpretation by default. See
[note 9]. Although it did not affect the correctpdipation of the theory, wavefunction
reduction was seen as a blemish on the theory becauntroduced an element of
randomness (indeterminism) and non-unitarity irtie tvhole theory. For example a
radioactive atom could be in either a decayed deaayed state, and in some sense, until
it was observed, it was in a mixture of both at slaene time (called a superposition).
Observation seemed to make things firm up intoategnative or another. Unfortunately
this “collapse” or “reduction” onto one state (dhg decayed state) rather than the other
(undecayed state) seemed to require a part of théhematical recipe - called
“coherencies” in what is called the “density mattia disappear magically (see appendix
4).
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Then in 1957 Hugh Everett [10] published his theairi{rhe Universal Wave Function.
(otherwise known as The Relative State FormulatbrQuantum Mechanics or The
Many Worlds Interpretation of Quantum Mechanics|[[A@]).

This was a remarkable departure from the initiabgegm and took a while to gain any
acceptance because its implications just seemedgeod.

In Everettian Quantum Mechanics (EQM), Everett éisged with the ad hoc non unitary
collapse postulate associated with making a meammeor observation, reducing the
number of postulates by one and restoring some unead determinism into quantum

mechanics. The quantum state vector was now desc(ds before in the Copenhagen

Interpretation) by a vectp#) in what is called an abstract Hilbert space, emglunder

the influence of a self adjoint Hamiltonian operatol—] according to the famous
Schrédinger’s equation:

Cdlw) .
|h%:H|W> )

Don’t worry about the formula here or about thasgye brackets. What all this means is
that, in The Many Worlds interpretation, quantuystems can now be seen to behave
according to a predictable equation - both befohaing and after a measurement.
Remember that, according to the Copenhagen intatjme, the behaviour during a
measurement was not able to be described in a matlaally consistent way.

In the Many world Interpretation however, therens need for a separate ad hoc rule
governing any kind of “wave function collapse”. tRer, the observer as well as the
system and environment are included as part ofjtiamtum state and unitary evolution
(i.e. according to equation (1) ) causes the systdiserver and environment (universe)
to “split”, or differentiate quickly into many &anches or universes, each associated
with a possible measurement outcome of an expetimarshort, instead of one universe
with one outcome, we get many universes, each witle outcome occurring with a
“measure” based on the weights predictable from afithe original postulates common
to both interpretations, called the Born Rule. S&gpendix 1 for an idealised
measurement process.

Cosmology and Quantum Mechanics

Buosso and Susskind [12] and Aguire and Tegmatkiidependently have proposed
that the many-worlds of quantum mechanics and theym
universes of cosmology (the multiverse) are, in, fle same thing.

5 Everett — Deutsch Quantum Mechanics

According to Deutsch, quantum mechanics underginsf @ur experience of the world
because it is the root theory from which all otheosne ( possibly including General
Relativity, although progress in this directiorsisw and difficult).

8
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Everettian Quantum Mechanics (EQM) [19, p279], [28ke also note 2] implies that
there are infinitely many universes (worlds). Inm&proportion of these, we are present
and in an even smaller proportion of universesavedoing exactly what we are doing
now in this one. When these identical “instancdshe make an observation, the infinite
number of universes which contain me, branch infterént bundles each containing an
infinite number of universes, and each bundle spweds to one of the possible
outcomes of the observation | can make. Any measemé e.g. like looking at
something, hearing or touching something and ewtrospective observations of our
own thoughts, count as measurements. The propsrtbrthese universes that end up
with me doing different things in them, includingdoming dead, are governed by a
“measure” over the worlds which roughly speakingjdies the bundles of universes
according to how probable the outcome is. For exanfpl toss a fair coin, then the
infinite number of instances of me that toss thim euall differentiate into roughly two
branches, one containing an infinite number of erses where | see “heads” and one
containing an infinite number of universes wheseé “tails” .

If | throw a fair, six sided dice, then in roughly6™ of the initial infinite bundle of
universes in which I throw the dice, | will existchsee a six. Similarly in roughly 31@&f
the infinite bundle of the initial universes in whil throw the dice, | will exist and see a
number from the set{1,2,3,4,5}. | have used thedvoughly” here to account for the
fact that, in a much more tiny proportion of unses, | will perhaps see all sorts of
improbable events like the dice will fall off thebie and get swallowed by my dog! (This
situation is dealt with in Appendix 2).

| will use the above Everett/Deutsch version of th&erpretation in which, for any

experiment, an initially infinite number of “fundd universes, will differentiate into a
number of separate fungible branch bundles correlipg to the different outcomes of
the experiment. Each branch bundle will generaky & different “size” or measure
(proportion of the original whole), but each brareindle will still consist of an infinite

number of universes. However since the universéisaroriginal bundle are fungible, the
outcome of the differentiation for any particuldbserver in a particular universe is
indeterminate. The thought experiment below giveserample of the recipe used in
guantum mechanical experiments.

6 The quantum coin - a toy analogy

This is an imaginary example of an ideal experinvemere we flip a “quantum” coin; we
expect one of two outcomes. These are writtenlaar “superposition” described by a

state vectoq‘W} in a two dimensional Hilbert space as

|W) =a|Head§ + 8| Tails  (2)

Wherea and 8 are two complex numbers [see note 7] satisfiifigr|3° =1. As the

state evolves unitarily (i.e. according to the i8dmger equation), the values af and
B can generally vary af¥) rotates around the Hilbert space [25, p80] bubim

analysis we can assume they are fixed. Also thewould be fair if|a'|2 :|,8|2=O.5
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If 1 flip the “quantum coin” then remember in EQRhere will be an infinite number of
copies of me all doing the same thing at the same aintil now. When we actually look
at the outcome, we find, that in my universe, tbéndands on either “heads”, with

probability |0/|2 or “tails” with probability |,8|2. Here we see how the quantum recipe

provides a “measure” or proportion of the universietining either of the two outcomes.
Remember that of all the me’s in the infinite numbé universes that are performing

this experiment, the proportioh?r|2 of them will get heads as an outcome and the
proportior1,6’|2 will get tails. From my point of view, (often call the “inside”view”),

prior to tossing the coin, | can only LIBE and |,8|2 to estimate the probability of getting
an actual “heads” or “tails” result.

According to the Copenhagen interpretation of quimninechanics, there are no parallel
universes. The initial stat|éP> in equation (2) has (mysteriously) “Collapsed” mthe

measured state — eithg¥) = |Heads or |¥) =|Tails) with probabilities the same as

in EQM but in a random way. No explanation of thy@mamics of this collapse has been
successfully given for this interpretation and ded not account for the effects of
interference between worlds [19, ch2] which | dssin appendices 3 and 4.

7 The Theory of Immortality

As | have discussed, the idea of immortality canrferred directly by one or both of
two ways. Either

1. Assuming that the premise of functionalism isrect (which most people
probably do believe by default) and accepting thatuniverse is homogeneous,
isotropic and infinite (or at least sufficientlyrdge- which observational evidence
indicates is the case). And/or;

2.Assuming that the Many Worlds/Universes Interien of Quantum
Mechanics is the appropriate interpretation.

| have pointed out that there are those who wodentify these two options as

fundamentally the same, but | will not make thisuasption in this work except to

suggest in passing that the reason why | thinketiean isomorphism of sorts relies on
something more fundamental (The Simulation Hypaf)es

10
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Many people find the quantum theory of immortality be too unbelievable to be
true, but it should not be rejected too easily,netteough it is a strange idea. Some
leading physicists and philosophers have studiedartd the cosmological idea of
immortality discussed previously) in some detaid ayet it has thus far, not been
convincingly refuted. Also in spite of its appedl earries a sting in its tail!

A simple way to illustrate the idea of Immortalitheory is to imagine that you are
chained to a bomb, triggered by some form of radtiva decay process that has a 50%
chance of detonating the bomb within one hour. Tatuthe end of the hour you will be
either dead or alive with equal probability! Theegtion is, what will you experience?
You are now taking the place of Schrdodinger’'s {24]. Remember that according to the
Deutsch/Everett Many Worlds Interpretation of quamtmechanics, there will be an
infinite number of copies of you all performing eXs the same experiment as you are,
but they will be performing it in their universedut they are all in the wave function of
the universe too. This means that we can draw graha like Fig 1 again. Now
remember, that, before the branching occurs, tiseme such thing as which “you” is the
real “you”, because all of the instances of theverse you are in, are all identical. You
are in all of them. David Deutsch: comments drihedse identical instances of a person
in his book. ‘The Fabric of Reality’ :

“...........If, aside from variants of me in other universes, there are also multiple
identical copies of me, which one am I? | am, afrse all of them. Each of them has just
asked the question ‘which one am I?’ and any trag of answering that question must
give each of them the same answer. [19, (p279)}ndd, as | have argued previously,
since we cannot experience death, then once agam,our own point of view, we will
always survive.

Because consciousness is implemented in all cabigsu before the experiment, if one
or more copies are killed, then the others liveyamur conscious experience must follow
the living versions. Since there is an infinite raenof copies of you, then peeling any
number off or dividing them up into alive or deaehn’'t change the fact that there will
always be a branch bundle of histories in which eeion.

Unfortunately, there is a down side to this: - ukcbbe in one of a number of branches
where the bomb went off and it wounded me seriousty| will have survived, but may
have lost legs and arms etc. So survival does aoegssarily mean that your state of
health is preserved. Every second that we liveemeunter life threatening possibilities
and so we will find ourselves constantly cheatiegtt, but not the effects of continued
survival. As each moment of your life passes, poanch into a world where you get
older and older. You see other people die, yetkerp cheating death. Never the less,
you will grow very old and although sometimes yoaynfind yourself in a universe
where you gain more strength and agility becausgesoew drug enables this, it will be
more likely the case that in the long term yoealth will deteriorate (this is the second
law of thermodynamics!). As you grow even older frobability of death increases.
However, subjectively, once you have achieved donsoess, you cannot then lose it -
even if the body is damaged; there will always bme small probability of a branch
which enables your consciousness to survive (sqeeiglix 2). Again it is important to
remember that you will see others die, and althaudijectively they will also survive in
their branch of the multiverse, it will be in a webwhich will one day be without you,
This line of reasoning leads to each of us becormidgr and more decrepit as well as
very lonely. So here is the sting! The philosopbavid Lewis saw this state of affairs as
a “terrifying corollary” of the Everett interpretah and was personally shocked by its
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implications. In How Many Lives has Schrddingeratz [14][21], he remarked
that,”....A terrifying corollary has gone unmentioneds well as life-and-death
branching, there may be life-and-life branchinghsubat you suffer harm on some
branches and not on others. In some of these beantie harm branches get the lion’s
share of the total intensity/proportion. The intgnsrule applies, so you should
predominantly expect to find yourself harmed. Asi\gurvive deadly danger over and
over again, you should also expect to suffer reqggeaarms. You should expect to lose
your loved ones, your eyes and limbs, your mergalgrs, and your health.”

Responding to Lewis's fears, the philosopher Istvaranyosi [22] has argued
(somewhat convincingly), that, Instead of a temify corollary we should see the
Everettian ontology more positively since “...... There a few more statistical facts
about dying that we need to make more explicit. isetalks about ‘cumulative
deterioration that stops just short of death’ astwmiie should expect”. But Aranyosi
states that, “stopping short of death means safiea life-threatening condition. Such
conditions are most strongly statistically posityveorrelated with death, and second
most strongly with very deep coma. Very deep coasanfeasured by the Glasgow Coma
Scale) strongly positively correlates with deatgaia. So from a subjective point of
view, what we should expect in terms of experiensast stopping short of death in the
sense of making it to the vicinity of death, buhexnot making it to that vicinity at all
(only to the vicinity of that vicinity), given thathe vicinity of death is imbued with
oblivion. We should expect not to make it as fawdaods death as to even lose
consciousness. In other words, we should not expdoe in a life-threatening condition
to begin with.”

Up until this point, | can follow Aranyosi’'s argume However these last two sentences
would seem to make his argument weaker, becaudeegpgently do lose consciousness
for all sorts of reasons other than life threatgnoonditions and yet we recover: e.g.
sleep, concussion and anaesthesia for example. Winatild suggest is that we should
not expect to make it as far towards death asde the level of conscious functioning
associated with continued living. Where that boundi@s is what | am guessing is the
“vicinity of the vicinity of death” that Aranyosisitrying to convey. In other words the
unconsciousness “within the vicinity of death” fsaaifferent categoryo that associated
with sleeping, anaesthesia etc. Indeed it cannotdssified as a form of consciousness at
all as far as our experience is concerned becalesecamnot, from a first person
perspective, go into it. From the perspective dfecd however, it is a boundary that
people do cross. This is a deep, important anderigsis area of interest, because it
connects the nature of consciousness with therdiitee between subjective first person
experience, compared to the experiences that addrsesee of us. It is interesting to note
that Everett's thesis is sometimes called the Relabtate Formulation of Quantum
Mechanics. Our experiences are relative. We aréal“Schrodinger’s cats”. From the
“inside” first person view, it appears that we alves only experience continued life, yet
others will observe both our life and our death.

As we grow older and older the improbability of\aual grows with it.

Some principles of physics like the law of leastiac and the second law of

thermodynamics would imply that the universe wed fourselves in at one particular
instant will be the most probable consistent extanef the previous instant. This makes
sense because in ordinary every day life we resegregularities. For example if we

allow a drop of ink to fall into a glass of watéris unlikely to enter the water, spread out
into it (because of Brownian movement) and therdsaty coalesce back into a single
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ink drop somewhere in the glass. This could of seurappen and will do in some
universes, but the probability of this happeninghi@ universe you are in is very low and
so the “measure” (fraction of the infinite numbef)universes where we happened to see
this occur is going to be very very small. Thuswasgrow older and continue to survive,
in spite of the improbability of survival, so it Mvibe that we must in general find
ourselves in universes that are ever more imprebdilis being the case we can expect
strange experiences. One possibility is that wd barselves to be higher beings that
have been dreaming our existence all along andteakynwe wake up in some higher
level of reality. Alternatively we might find ourses in a universe where we are in some
form of simulation — although we may not realise Hopefully it will not be like the
maligned one depicted in the film called “the Mstibut one in which we were software
constructs from the very start. Whatever is theca® should expect to find ourselves in
a universe that is conducive to our survival, byatelrer means - it has been put forward
that this might even include uploading of our miintte computers [38].

Why should we think this possible? | have arguetiezahat our best theory (quantum
mechanics) seems to be a recipe, or rather a nuailj@stulates for making accurate
predictions [15]. Efforts by many (including byntein) to find some form of intuitive
underlying set of local variables which would explavhy the postulates are as they are
have been shown by Bells theorem to be unablepgmdece all of the predictions of
guantum mechanics. Hence it may be that thesebkasigust aren’t there! If this were
the case our world could well be an emergent effiéet program which is running with
laws (i.e. a recipe called quantum mechanics)waet pre programmed in from the very
start. Thus looking for any substructure would bi&d. It would therefore be prudent to
look for evidence as to whether we are in suchmalsition.

Perhaps by sheer computer power, a computer siomlaas managed by chance to
generate enough copies or variants of all posgiétle so as to always have at least one
copy of you which is always a consistent extensibgou - hence you will continue to
exist. Although this seems “whacky”, it is not soprobable as it may seem. The
cosmologist Frank J. Tipler discussed such pogs#silin his book “The Physics of
Immortality” [8]. Tipler's bold idea that everyongho ever existed (or could possibly
exist) would be resurrected, relied on the univérsiag geometrically closed with mass
energy density/cosmological constant, being sufitito cause the universe to collapse
asymmetrically, thereby producing sufficient gratidnal shear energy to drive an
appropriate simulation.

Criticisms of these ideas were harsh and to sonengx think were unfair. Until we

know whether “dark energy” decays into radiationparticles, the more conservative
speculations of Tipler [26] should remain a plalesipossibility. If dark energy does
decay into ordinary matter, then the re collagst® universe could be a possibility.

David Deutsch has argued that, although we mayebhave the technology to do this
yet, it is theoretically possible to build a virkweaality generator (simulation) whose
repertoire includes every physically possible emwnent[19, p135]. | see this as
including one where you find yourself very old ahetrepit but a cure to regenerate you
exists which rejuvenates you. Deutsch goes on yotlsat... “since building such a
universal virtual-reality generator is physicallygsible, it must actuallge built in some
universes”. Hence your next most consistent extensi experience may well be in a
computer simulation, even if you are young, net pid and ill. | am here assuming that
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“identity” is inherently non local. The nature ajresciousness is truly a very deep
issue which | have evaded in this work. Howeveratham assuming here is something
like that proposed by Soltau [2] i.e. Consciousnessomehow much more fundamental
than we suppose [4]. Our reality may be more libme form of shared dream produced
by a computer which may not even need to be phygicaplemented! [1, p78]. |
assume for now that “consciousness” will find itsel whatever is the next most
consistent extension of its previous form - wherdhat may be in the myriad branching
paths that make up the multiverse. Perhaps in ssemse consciousness “surfs” or
“supervenes” over the universes that make up thiiverse and as stated by Deutsch
“other times are just special cases of other usa&r[19, p278 ]. What | am proposing
here is that, following Deutsch [19, p276], the tivalrse is like an infinite set of
universes which are (analogously) like the snapshmte finds in a reel of film.
Consciousness is like the light from the beam ilhahinates each snapshot [see note 4].
It should also be remembered that for every sndpdhihie film, there will be an infinite
number of snapshots which are identical to it!

Complementing the above speculations, the Frengiciém and philosopher Bruno
Marchal proposed a remarkable set of thought exymaris [27] which demonstrated the
non locality of consciousness. Essentially, ifeaf@ct copy of you can be made, then
both of the resulting “conscious identities” wouldim they were you - even if they were
in very different places! - except that, as timesseal by they would develop different
identities/memories etc. If an identical copy cobkl made of you (by copying you via
some form of scanner, which could record your $tm&c down to a suitable level of
substitution), then this data could be stored ageatable instructions on a disk drive. If
the original person was immediately destroyed, therprinciple, we could use the
software on the disk drive, to reconstruct an igahtcopy of the conscious identity a
year later. This copy of a conscious identity woailsb argue they were “you”, but would
not agree on the date! Such a model of conscicergtitg allows a “person” to “travel”
through a pre existing multiverse of many possihigtories, Consistent extensions
“snapshots/universes” will always be available aty @ime either, in the “real”
multiverse, or in the nested reality of a univergallity generator which must necessarily
exist somewhere in the multiverse. This means thatyed from the “global outside”
view, all possible universes can exist. Deutsch pP¥ 6] states that universes are limited
to those that are effectively “glued together bg thws of physics”, so for example
although logically possible, he states that theeen® universes where the charge on the
electron is different from that in our universe.W&ver others, Tegmark[6], Standish[1]
have suggested that all logically possible univerde exist. [See note 4]. Hence it is
always possible that your next experience is jadikely to be generated in a simulation
as in the “real thing”. In short, there would alsafyopefully) be at least one consistent
extension, in some universe that a conscious igyentuld supervene over so as to
experience continuity of identity.

The assumption that there woulddt be such an extension is called the “No Cul De Sac”
conjecture. One method of trying to prove the cctojiee might be to use modal logic but
as yet no one has proved it [1, p142]

What are the chances then that we are living mesdorm of simulation (Matrix)?
Remarkably it might turn out to be more probablenttyou think. In 2002 The Oxford
Philosopher Nick Bostrom put forward an argumermtléd The Simulation Argument
[23]) which resulted in a startling mathematicailpbabilistic conclusion:
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He says:

“A technologically mature ‘posthuman’ civilizati (i.e. one that is capable of running
high fidelity simulations) would have enormous catipg power at their disposal.
Based on this empirical fact,the Simulation Arguimerplies that at least one of the
following propositions is true:

(1) The fraction of human level civilizations thraaich a posthuman stage
is very close to zero;

(2) The fraction of posthuman civilizationeat are interested in running ancestor
simulations is very close to zero; Possibly beeaafsesource constraints

(3) The fraction of all people with our kind of eeqences that are living
in a simulation is very close to one.”

If (1) is true then it must be that civilizationsrgerally do not develop much after a
certain level, perhaps they become complacent esrahtually extinct after a fairly long
period. It may be commonplace for civilisationsatwidentally destroy themselves by
nuclear war or by stumbling into some cataclysiredt. One candidate is molecular
nanotechnology, which in its mature stage mighbenthe construction of self
replicating nanobots capable of feeding on dirt arghnic matter, a kind of mechanical
bacteria. Such nanobots, designed accidentally, for malicious ends, could cause
the extinction of all life on our planet. Astersidlso pose an existential threat, but this
does seem a less likely candidate to be of corfoermivilisations within galaxies
generally. Also some form of virus could be acctdéy unleashed causing an
apocalyptic pandemic. There is also the serioubleno of widespread infection at a time
when critical development of antibiotics falls shok appropriate levels to manage
bacterial infections.

(2) seems the most unlikely proposition, given tha ourselves, as an intelligent
civilization utilise high resolution simulationerfmany applications like stock exchange
prediction software, computer games and graphicsweder this makes the big

assumption that the entities that create our e@pees are in some way similar to us

(3) says that, if it turns out that the multivecsmtains large numbers of posthuman type
civilisations who also run large numbers of simiolas that have “people/persons” like
us in them as software constructs, then it becoregeg probable that we are already in
one of them! | have considered Bostrom’s argumantsome considerable detail in the
context of Physical Eschatology along with somemfoof Anthropic Hypothesis
elsewhere [24].

So is there any real “physical” evidence that we In a computer simulation? It's hard
to say, but a few researchers from the UniversityMashington [28] believe they've
developed a way to test the theory. They take vihdnown about simulating very
complex environments inside supercomputers, and ¢heulate a small region of space-

15



16
time to see if they can detect anomalies known asgnéatures” which would
conflict with real data. This is currently being m#o using “Lattice Quantum
Chromodynamics” to study the fundamental laws ofsats, by representing space-time
as a set of points arranged in a lattice. At themewt, the supercomputers can only
simulate a tiny part of the universe — somethintheforder of the size of an atom. But in
time, as computer resources get better, the sizleeo§imulated volume will get bigger.
Relativity tells us how patrticles in a non consteal universe should behave along the
edges of such a real time lattice in space-timeicdenve can compare real data with
simulated data. For example, if the real data abdugh energy cosmic rays was
consistent with a lattice, interacting unequallyailh directions, then that would be a
testable signature that we are all living in a mlacger simulated environment. So if the
data regarding high energy cosmic rays does havsigimature of being constrained, then
this adds weight to the simulation argument. lisit’'t constrained and the high energy
cosmic rays look like relativity says they shoulten we probably aren’t simulated.

Whatever is the case, if we do live in a simulatiben death may mean nothing more
than moving from one level of the simulation to #rew. The whole history of a person’s
experiences could be cut and copied by a softwatensated process, into a new
interactive environment.

There is debate about what might be actually runtive software which makes up our
multiverse. One possibility is that a very simplestact computer called a “Universal
Dovetailer” [30] exists in the “platonic realm” ag with other “ideals” like 1+2 = 3.
Such an abstract computer simply generates aflifplesstrings of bits (i.e. simulation
programs and data) and executes them all, oneastegime by an algorithmic method
known as dovetailing [29]. Such an abstract entitgates all possible experiences
without any conscious intent and can therefore ggestbe accepted as blameless for the
worlds it creates which inevitably cause sufferaggwell as joy. Standish [1] has also
proposed the theory that all possible bit stringgply “exist” platonically and hence so
do all possible universes, since they would beuhetl as simulation programs in this
infinite set. Such a set could, under a suitablendi®n, be classified as having zero
information in it. Hence he called his theory “Theeory of Nothing” as opposed to a
Theory of Everything.

These speculations are essentially idealistic. @&lbernative is that real beings have
written the software which makes up our world. Ihiet case, if they are benevolent,
they could have designed a suitable cut and copgeplure of our whole histories into
new environments where we could continue to grow Earn. The software may be
carefully constructed so as to be resource depérahehmight have the ability to fill in
details when we look closely — obviating the needan infinite multiverse. Whenever
we use measuring instruments, for example, softwaterrupts may render the
appropriate graphics such that when we look deeywbd/the universe over and above a
certain level, for example as in experiments at tlage Hadron Collider, then
appropriate detail is produced sufficiently to pds/ experimental outcomes that are
consistent with the standard model of particle pisys because that is what is
programmed to be there and that’s it! In any casg, opportunity we have of testing
whether our multiverse is a simulation deservesstigating.

Whatever is the case, we are here to behold ouiverde. What sustains it and causes it
to “be” is one of the greatest of all mysteries.
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9 APPENDICES

Appendix 1 Generalised measurement of a two state
system

The following argument follows closely that givey $udbury [25, p186] but is extended
in Appendix 2 to include non-ideal measurements.

Let S be the state space of a quantum system atfhtfof the experimental apparatus
(also considered as a quantum system) for meastimngystem S

Consider the development of the combined sySémA and let|¢,),|¢,)0S be two

eigenstates of the object corresponding to tweaerhfit results of the experiment. These
results must leave the apparatus in differents{at¢ and|a,) (describing say, different

positions of a pointer.). Suppose the apparatumstially in another eigenstate|ao> - the
“ready” state - anh,),|a),| a,)0A. The experiment therefore consists of allowing the
object and the apparatus to interact in such athatyif the object state 1515(/1}, then after
the experiment, the object will still be in thetsth/Jl> and the apparatus will record the
appropriate result, i.e. will be in the std&). A similar argument holding for|y,)

anda2>. This is what could be said to represent anl idesmsurement in the sense that

the measuring devices work properly. Thus during #xperiment the interaction
Hamiltonian H, must be such that:

S CAEVETATEY
3)
S TAEVEVAIEY

Now, if before the experiment the system was instiate

o) =ci¢)+ ci¢) (4)

During the experiment which lasts for a finite tifde say, the systems evolves from

e_iH'm/h(|¢’o>| ‘%»: e_iH'Mh( 9|‘/’1>| Q>+ 9|¢/2>| Q) )

to the final stage where the system and the appatagether will be in the state
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w@an)=c |@)|a)+ c|¢,) a) ©6)

Where At is the time taken for the experiment to yield éirde result. How one is to
interpret the result in equation (6) is what is \knoas “The measurement problem”. The

apparatus only reads eithéa,) or |a,) so it feels natural to just ignore the result viahic

was not obtained. However, | will argue in Appeng8iand 4 that it is not correct to do
this.

The above example is often used to describe thler8mger’s cat paradox [13] which is
designed to illustrate the strangeness of placingoandary between quantum and
classical realms. This view, known as Cartesianlisina assigns a special status to
consciousness which is assumed to be able to fs@fawave functions. The paradox
arises when we observe states like (6) and argateittiis our observation of this state
which “collapses” the wave function to give either

[)la) or f¢)|a).

In the Everett interpretation no such paradox argece there are no “collapses” and no
special status is assigned to consciousness. Frerdirst person point of view however,
such collapses “seem” to be the case since we smdywhat occurs in our branch. See
[13] and the generalised case below.

Appendix 2 Non ideal measurements

It is interesting to consider the experimental outes of real non ideal measurements
where say the apparatus was less reliable. Beingaeroscopic device, with many
degrees of freedom there will be many ways onedconhgine from the classical point
of view that false readings might occur — the paisticks for some reason etc. From the
guantum microscopic point of view, errors could wcsimply because it may not be
possible to make systems with Hamiltonians thatexa&ctly appropriate. Anyway to
account for non ideal functioning of an apparatus eould guess that, during the
experiment we might instead have a Hamiltonian fwiécsuch that equation (3) can be

" (@l a)=ly)(da)+ 9§ g+ ¢ 3)

e (yo) @) =y )(d )+ ¢ @+ b g
written as the more general possibilityhere| af + | bf + | cf= 1

and | af,|cf— verysma# 0, and B=1

(7)

Now, following the original argument, if before tlexperiment the system was in the
state
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[Wo)=c.|w)+ clw)

o +[e| =1 (®)
Then after it, the system and the apparatus togetifiedoe in the state

e (o)l @) = € ()| @)+ cly))| @)
=c|y)(@a)yrdayr ¢a+ glw)(ha+ ba+ cd
=bg|y)| @)+ bolw,)| a)+ cdw)| A+ aqw )| g+ o) g+ ag) B

The first two terms (universes) are “almost thos&’equation (3), but the probability
amplitudes of the others are far less dominant usscaof the relative sizes of the

|af,|bf,and |c]terms (see equation 7).

As pointed out earlier, we could assume that this be interpreted as an experiment
where the measuring apparatus usually works cdyrieat on rare occasions:-

(i) Does not detect anything when in fact it slilbbhve done - e.g. showing up in the
presence of thig;)|a,) or |¢,)|a,) terms
(i) Very occasionally it records the eigenvalueaofe state |l//1> when it should have

recorded the eigenvalue of the other stage eg. |¢,)|a,) and vice versa.

In the context of the immortality argument, the \aboshows that if we had a
Schrédinger’s cat situation Whe|ra;> represented the states of the cat ‘a{q() the state

of the atom and :
|¢/1> represents the un-decayed state of the atom@pdison released,

|l//2> represents the decayed state of the atom andmpebEased,

|a,) represents the state of the cat before the ewpati(e.g. alive and well)

|a,) represents the state of the cat as alive afteut

|a,) represents the state of the cat as dead aftenrl ho

Then terms likéy,)|a,) could represent a decayed atom with poison releasgl,)

yet cat unharmed ela,). |¢,)|a,) might represent the case of a decayed atom with

poison released and cat dead after 1 hour , whegeasa,) could be interpreted as a

decayed atom — poison released and cat very ilstiuglive after 1 hour! Alternatively
|¢,)|a,) might represent the case of an un-decayed atomnaipoison released and cat

identical to its original state etc. Hence, whatedanger or difficulty we encounter,
there will, in “real” situations, always be at le@®me (even if very small) probability
that the cat will be able to have a next consciexyserience, however strange it might
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turn out to be. This is because the result readijgneralises to a spectrum of

outcomesa, ) ‘l/lj> for iON and j O{L,2}
In the real world, we all take the place of theasitve live out our day.

Appendix 3 _Ideal Measurement Example

The Quantum Coin experiment can be carried outgutie method and appropriate
device as below. This is a very simplified arguméased on the beautiful analysis given
by Tipler [8, p483], but | have extended it to amsb for decoherence due to the
environment.

In this experiment (see Fig 2 below), a beam aksiatoms coming in from the left with
an odd number of electrons, aligned with their sigih in the x direction, enter an
inhomogeneous magnetic field in the form of a meagudevice (called a Stern Gerlach
{SG} apparatus).

In the ground state, all but one of the electroiilspair to cancel their spins. The
magnetic field exerts a force on the unpairedtedec causing the atom to move up or
down in the z direction depending on the net ebectipin. They then strike detectors.
Since the spin of these fermions is either “up"dwwn” — and in principle, no other
value, the detector records atoms leaving the etagarrangement with either spin up

(+%) or spin down 6%) respectively.

The wave function describing the initial atomic fmeean be given by

W)=t A) Q) &) 0

X> represents an atom with spin up in the x diregtigmich is

Where:
perpendicular to the z-(up/down) direction of th@ &vice which has a state in the

“ready” form of‘ 'Ab> . The tern’l Oo> represents an observer (a person) who is

effectively just another type of measuring appaasacording the behaviour of the SG
device.
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Atom with spin up

S
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/TR

North

Atom with spin down

Figure 2

Finally QJ> represents the environment state or the staleaest of the universe.

The central idea of the Many Worlds InterpretatiptWI) is that at all times evolution is
via the Schrodinger equation

_d|w) .
=g =HI¥) (10)

where H is the Hamiltonian operator . Equation (10) canibtegrated to give the
propagation solution

|W(x 1) = e |W(x0) (11)
|W(x,0)) is the value of the wave function at the initiei¢ t =0

It was Everett [10, 18] who maintained that thelajzde postulate should be dispensed
with and that the wave function of the universe lda@volve unitarily according to (11)
at all times eliminating the ad hoc collapse p@wlwhich was associated with the
physicists classified as the “shut up and calculatigade!
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This experiment consists of allowing the atom appasatus to interact in such a
way that if the atom’s state is initially “spin’uip the z-direction described by the basis

TZ> then after the experiment the atom’s statefri§> and the apparatus will

record the appropriate result i.e. will be in thates‘A>; and similarly if the state is

initially “spin down”

1Z> then after the experiment the atom’s stat(e Zi)s and the
apparatus state changes| ). Thus during the experiment the interaction Haonilin
H must be such that after time t,

1) A) Q) > 1) Al o) @
Ll Ao &) =] A O)f ¢ (12)

Now standard quantum mechanics gi\,{és(> = %(‘ T > +‘ ! >) (13)

—|Ht/h

—|Ht/h

The up and down arrows here in the brackets shoeddly be written aLT z>

and

| z> but I'll not bother with these suffixes as long gou remember the
up/down arrows represent spin in the z-direction.

Equation (13) tells us ( even prior to the experith¢hat there is a 50% chance that an
electron going through the device will come outhagpin up. Similarly there will be a
50% chance that it will come out with spin down.sTts because expressions like (13)
are more generally written as

=a|t)+B[1) (14)

Where |<D> describes a general two state system and agaamd [ are complex
numbers.  According to the Born rulbr|2anq,8|2are the probabilities that on

measurement, the system will be found in the s#aﬁe or ‘ 1> respectively. This is

determined by the angle between the incoming @artspin axis relative to the
orientation of the Stern Gerlach device, whichhiis tase (perpendicular) simplifies to

2 _1g2_1
of =l = as)

The wave function of the universe is then descriémegreviously in equation (9),

Y)=[1.)|A)[q)[«) a
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Note also that the apparaJu%b> and environment or “rest of the Worl|(f—‘o> is also

included in the chain to complete the effect of ititeractions. The zero suffix stands for
the “ready” state at the start of the experiment.

The ordering of (16) here helps to representsithe ordering of what goes on, but some
authors can change the order to help with diffeexpianations/proofs of how the Born
postulate works[11].

So the particle prepared in tLg X> state (moving to the right), interacts first witte

apparatus, then the particle plus apparatus irttevédb the observer and finally the
interaction affects the environment. This couldtibe movement of a pointer or lighting
of a lamp or even the possible release of poor dlthger's cat etc. The “sphere of
differentiation” [7, p278] will travel out into thenvironment at less than or equal to the
speed of light.

The apparatus| Ab> IS just the Stern Gerlach device towards whiﬂ fh(> particle

is heading for. Agai|+TX>can be written instead in the decomposition form.
1) =(1)+1)
) ==
2

To give a state vector for the universe:

W= () )ANa)le)

Once the particle enters the device, the unitagluton according to the Schrddinger
equation takes place which causes the particle tpadbentially directed along one of two
paths — either “up” or “down”, but the evidence wisothat, when single atoms (with
unpaired electrons) enter the device, they truligtex the form of the superposition
given in the bracketed term above, i.e. beingstate of being neither spin up nor spin

down, nor both, nor neither! So the conclusion a@nghnworlders (including me), is that
the sending of the particle described by the Bﬂé}teabove into the SG device entails
that, of the infinite number of me’s in the brarath fungible universes carrying out this
experiment on the particle, around 50% of them wild up in a branch where the
measuring apparatus reads “up” and around 50%eofrtl's will find themselves in the
branch where the measuring device reads “down”eNbat we are assuming that the
“particles” are still sufficiently isolated so a®tnto get infected with decoherence so

the|O,)|e) terms don't evolve yet. This means that the sptit, rather the
differentiation, has not yet been propagated oatfém and could even be rejoined with
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suitable recombination of the paths that the pasiccould take (i.e. by forming a
Mach Zender type arrangement) [16, p56], [19, p2[3&e note 10]

So now the system has evolved to

- A alile

where the Apparatus has become entangled intoléb&ran’s superposition. This means
that the split has now propagated to the measu@vice. The term_“pre measurement”
is often used here which simply refers to the sxtdon between the electron plus
apparatus before the end of the process which lepd® say a spot appearing on a
screen.

Things can be a bit complicated here by the faet tihe observer is part of the
environment but can also choose not to look atrdéiselt straight away. To keep things
simple, let's suppose that the observer looks atrésult immediately it appears, then
unitary evolution of the wave function will give

N %(‘ T>‘A>‘Q>+‘ l>‘ A¢‘>‘ Q>)| 6) (19)

This shows how the split propagates rapidly oub itite environment. Once a spot
appears on the backcloth detector showing thaeletron was either up or down, then
the news is out about which world we are in — the tvorlds are now “decohering”
from each other, which means their ability to ifeéez with each other in the future will
be rapidly diminishing. Note though that the oleercan now add to his record of
observations which outcome occurred for him (kngnhat his counterpart in another
universe will see the opposite).

Now comes an interesting part. The next line shtives continued evolution of, and
partitions of the multiverse that we could end mip i

~glalle Al dle)
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This means that we now have two environments (wauldverses/partitions
of the multiverse) in a superposition. One withnspp and everything consistent with
this, and the other world with spin down and eveng consistent with that. In fact for
this to be true there should be no overlap of theirenments i.e. they should be
physically distinct and so their environment vestshould therefore be orthogonal -

but, in fact the eT >and el > have an inner product that usually is initiallyhreero

but rapidly approaches zero asymptotically rathentever reaching zero. This means
there is always some overlap and hence some coherencyinmgmihus this never
becomes a quantum mechanical mixture! This is vitharett said though. The wave
function never collapses as it would if a quanturachanical mixture was the end
product. Moreover what Everett also said was #aath branch, separated by the “+”
sign in (20) above, exists in its own right - apoged to the wave function collapsing on
just one of them and assuming we can delete thesaa the Copenhagen Interpretation.
Deleting one branch just will not account for theetf that off diagonal terms in the
density matrix occur (see the analysis in Appendiy and which will imply that
“universes” will interfere with each other for temall time that it takes for decoherence
to suppress the off diagonal terms sufficiently.

Thus although decoherence reduces the possibifitinterference effects occurring
between universes, the coherency of the superpodiias leaked into the environment.
The superposition above can sometimes be calletingoroper mixture” of the two
record states (up or down), since it would apgbat neither state seems to have a
determinate record. However, Everett and Deutsabuldvhave it that in the above
superposition each element contains a definite rubsestate, a corresponding system
state and a well defined outcome which can be dtioréhe record of observations of the
observers in each branch. So the last line is atduperposition. In fact every line is a
superposition. If any of them reduced into a migtthen we would be out of Everett’s
interpretation and in some form of collapse option.

By choosing to observe the spin of this electran this experimental interaction, the
observer has made it have a determinate valueifortience his reality (made up of lots
of particle/field interactions and their subsequeabrds) has been made determinate and
defined by this collection of records. The obs#@ores need not be elaborate ones like in
this SG example. Simply looking at the world arowsdimeans that countless photons
will interact with the retina of our eyes makingraeality determinate as observed and
defined by the records of such observations. Tlgenething special about human beings
in this interpretation. They and other animate r@nimate objects are all just types of
recording devices.

As mentioned previously, some authors [11] putahserver sta OO> into a different

order to that in equation (16), to indicate that tibserver has kept his eyes closed with
regard to the output of the measuring instrumeeptdé the observer has not yet unitarily
become cognitively aware of his determinate remudt has not updated his records in this
respect. This means that you don’t know which dorbu’re in yet and you are in
exactly the same indeterminate state of knowledggoar opposite number in the other
universe. This has some utility when deriving piality arguments to explain the Born
rule [11].
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So it is that we see spin up or down, Schrédingeatsas alive or dead. Everett’s insight
was that, if a measurement was made, then it wdéedde the observer with the

impression of a measurement outcome that was wéhetl and the linearity of quantum

mechanics would also imply that a superpositionsoth states would lead to two
definite outcomes- in effect two definite experieadelonging to two (now) different

sets of observers in their own universes.

The Everett/Deutsch interpretation essentially mehaat quantum theory is a theory of
infinitely many universes, in which a particle ardeed a macroscopic object in a
superposed state is a member of an infinite nundfenterfering universes- even before
it is subjected to a measurement. In this way teasurement does not create any more
universes (or particles) than there were initiglyesent. However, the measurement
causes two things to happen. Firstly, in each efitiinite set of universes, the state of
the measurement devices become correlated witlofotie (in this case) two eigenstates
of the particle, in proportions according to thermBaule. Secondly, because the
measurement device/environment is macroscopic, piteeess of decoherence then
rapidly suppresses the interference between théhigncase) two branch bundles, each
containing an infinity of universes registering tthiéferent results of the measurement.
The Oxford physicist and philosopher David Wallataes that....."this, in a nutshell is
what the Everett interpretation claims about mamyp& quantum superpositions, they
... do not describe indefiniteness, they describipligity!” [17]

Something causes the outcomes of measurements tieteeted in the proportions/
measures of universes according to the vala{azsand |,8|2(the Born Rule). Why this

rule provides such a measure is the subject ohsateesearch. In principle, if Everett
was right, it should be possible to derive the BBuie from the existing postulates and
some progress has been made here [11] but theyand the scope of this paper.

Appendix 4Combined Systems - The Partial Trace

Consider a system composed of two subsystems ABamith state space

H, OH, as shown below
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The Density Matrix for the combined system will hhge
Pag» & positive hermitian operator dth, O H . If {|q>} is a complete orthonormal set

of states for A anéj|lq>} is a similar set for B, then the trace of any ofmera

Q on H,OH; is
Trace, ., 2 =3 (a/0( b Q| A0 ) @
iJ

Where a Hilbert space vector
w)=2¢la)0]h) (22
1)
Represents a state vector for the combined sysit), [ H,

Let A be an observable on system A. Regarded as anvabserof the combined
system, it is represented by an operator

AOT onH,OH,,
hence its expectation value is

(A)=Trace{ A0} o) 23

=Y (a|0(8|(AD ) ps| a) 0| B) (24)

2
2l A(B| | )] @)
2

=Y (a|ATrace_p.s| @)
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Trace, (( Tracg ,oAB). A,% (25)

or

<A> =Trace, (O A (26)

where

Py =Trac, (Pps)  (27)
Eqgns (26)and (27) are often written in a more syojgpm as

<A> =Tr, ( pA.A) (28)
where p, =Tr, (p,s) and

If A represents an observable of the system S dddzkin another system E (e.g. the
environment) then we can write these in the sirfqien.

(A) =Trlp.A (29)
where

Ps =Tre(ps o) (30)

Consider now an electron beam, initially preparg@!$G device in the staﬁex> which
is sent through another SG device with its z-dioectaligned such that the eigenvalues

i(gj of the spin operato8, , occur with equal frequency, then

¢(t=0):\Tx>Dle>=%(\Tz>+\l 2)019 @y

0
Where‘ 1 Z> ' ‘ l Z> represent the standard ba%sj(lj

Here also | have included the apparatus (SG deridéor human experimenter plus
background environment/rest of the world etc.)édumped into one single vector called

the environmente) which has a very large number of degrees of freete.

& =0e)

i - o

(32)
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Hence |e) is very delicate and can easilychange state.

The system evolves according to the Schrédingeatexpy each electron interacting with
the SG analyzer to produce a state for each etegix@n by:

60=7(11)0le)+|)1]e)) 3

where ‘eTH q> are normalised but not necessarily orthogonahab t

(ele)=(ele)=1 (34)

The density operator for the system is given bynitedn

Ps.e(t) =|0t))(p(t)| (35)

ps+E(t>=(§jd1>ﬂ\q>+\l>ﬂ\%>>(<T\D<¢\+<l\D< e) (36)

If we restrict our alignment of the SG analyzeb&in either the z or x direction then

1
Porc®=2(1)(1[0le ) (e ]+[1){:]0] ¢)( ¢ 37)

+H1)(1[0]e ){el+[1)(:[D] e){ &) (38)

Because we are interested only in what the twe Stggtem is doing, and not the
environment, one only needs to know the reducedityematrix of the two state system,
with the environment states traced out. For thippse, so that we can form a trace, we
need to choose environment basis vectors whicbranegonal. Any normalised
orthogonal basis will do since the trace is basiependent.

The diagram below shows one such choice of thes vasitors:
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A"
|E\L:“
o
>1%°

Where

‘e1> and ‘eT '> are orthogonal unit vectors (39)

(e |e)=cos(90-6 (40)
o (€ ]€’)=cosf- 96 (41)
=sind (42)
and (€ |€ )=cosd (43)
where0< 64 SZ—ZT (44)

(e ]e)=0 @

The reduced density operator matrix of the twoessgstem is given by

Ps(t) =Tr[pg (V)] :<eT ‘ps éb‘q>+< Q"p $ E)‘ §'> (46)

20 =5(1)( [D{e]e)(el &)+ 1)+ ol &( ¢ 3

H)(r[0{e le)(el e+ )(+[0( ¢
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+H)(r|0(e e ){ef e)+|1){+|0{ e 8 ¢ .9
+H1)(1]0(e [e)(e] e)+[+)(1[a( ] &( & &) @

Now using the expressions (34), (43),(45) and #oé that outer product terms
Iike‘ 1 ><l ‘ define entries into a matrix like

=[5 o

then we have that

cos@ 1
(48)
0<f=<—
Now if
< A> =T Ao] (49)
Where
Ps =Trl o, d (50)
and if we set
A=S, (51)

Where éz is the operator for spin in the z- direction

Then

(8.)=TiSp)
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_Trhl O\1/ 1 co¥
' 2lo -1)2lco®m 1

—T n( 1 cost 0
-l 4al-cos® -1)| (52)

This is the value “expected” since half of the tithe electrons will come out as aligned

in the positive z-direction and half of the timeytwill come out aligned in the negative
z-direction.

But if we now rotate our SG device into the x-direc and recalculate our expectation
value we find that with

A= Sg whereéX Is the spin operator in the z-direction. Then,

(S)=TtSp]

_TrhOll 1 co¥
| 2l1 0)2lcow 1

(n(cosd 1
=Tr,| —
_4( 1 cosﬁﬂ

:ﬁcose
2

n

(53)

This is not zero as “expected”.

Theoretical models [35] show that decoherence caaxdremely rapidly and hence that
in this model decoherence occurs when
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Vs
6 - =
2
&
cost - Q0
Very rapidly.

For example consider a state with many degreesetibm like the environment.
Initially at t=0

le)=|&)0le,)0..... (54)
Where eacle;) are the normalised
(&]&)=1
and represent some small particle or minor subsysfehe background environment

And similarly

Then initially

(e |e )=cosf = (e

£,)(€>

£,)(€5

£3) ...

=1 (55)

Now a state with many degrees of freedom and asé kaid previously, is very delicate,
meaning that it can change its state in a very |simas.

If in a small amount of time eadls.) changed by only a tiny amouldi(t)| <<1 where
ot to

&'} =|e)-0ls) (56)

o o)

|&)(1-0) (57)
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then since initially thés,) and|e/) are normalised vectors and thus noting that the
(&) can only change to values that give inner prodihetsare<1 then

<eT ‘ e > =(&|&)@-9)(g|&) 1-0) g€y 1-0I)...

And hence

(e |e)=cosd=(+-0)" (sl el (eed e e’

Even using the conservative avogadros number foorkesponding to a macroscopic
surrounding environment:

(e |e)=cosf= (-6} = (

Hence any effects that coherency (off diagonafhtehave, rapidly decay. However, the
coherency terms do show that interference betweehrto branch bundles of differing
universes in the superposition do occur and, ingiple can be sustained for very short
periods in some arrangements (i.e. Mach - Zehryper interferometry experiments. [19,
p205]).

Therefore if one argues that the branch bundlegdenttical “universes” which did not get
the result we measured (i.e spin down when we gjatug), can...” just be discarded as
meaningless!”, just won’'t do! Expectation valuesradasurements made on the original
branch bundle of identical universes depend orcdierency terms as well as the
diagonal terms of the density matrix. Both brabahdles with an infinite number of
identical universes actually exist, each brancinwieir own particular
outcome/observer/environment or partition of thdtimerse, but for each (net) electron
that passes through the SG device, the universgsjueckly “decohere” such that the
separate branches become isolated. Communicatiare®e universes is therefore not
possible!
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NOTES

Stated more simply, the experiment providedrsgrevidence that a quantum event at
one location can affect an event at another logatidthout any obvious mechanism
for communication between the two locations. Thaswalled "spooky action at a
distance" by Einstein (who doubted the physicditseaf this effect). However, these
experiments

do not allow faster-than-lightommunicationas the events themselves appear to be
inherently random.

Einstein found quantum theory to be somehow inceteplHe objected to the
fundamentally probabilistic nature of quantum ments and famously declared
“God does not play dice”. He was a firm proponehhidden variables. Later Bell's
theorem would show that local hidden variables weoé possible. So it appears
Einstein was wrong to some extent.

The Deutsch Everett version of quantum theorydasnstant number of Branches
which subsequently differentiate or branch accaqrdm a measure called the Born
rule. Because they are “fungible”, the outcomehs differentiation(branching) for
anyone within each world is indeterminate.

It probably ultimately explains everything bothrge and small. Whether there is
anything underlying the recipe we call quantum na@ets is another story. Some
experiments rule out certain classes of “hiddenaées”. A unification of gravity
and quantum theory has been the subject of inteesearch for many years.
Although they co-exist, thus far it has not beeasgilge to find such a unification. See
also the last paragraph of note [1] above.

Consciousness is actually a very little knowrd @oorly understood phenoma. Some
people think it is fundamental (i.e. philosophigalism — where we are living in a
kind of shared dream — a modified position of whiclam inclined to subscribe to.
However this can be ignored for moment. [5] Lodicglossible universes are those
which for example do not have circles that are atpoares or where 2+3 = 7.

The number of points in a line segmen®is . The number of points in a square is
27 2which equals2®* and that equa®® . Thus, there are the same number of
points in a line segment as there are in a squdkewise for circles, however big
their radii they still contain the same number oings viz. 2. [, is the cardinality

(number of elements) of the set of natural numl&r2,3,...} which is countably
infinite.

If space and time are not continuous then I'll heweeconsider what | have written
in this paper!

To be fair, it actually IS possible that ouriverse is finite and indeed has no
boundary. Such a space is geometrically curvedwd dimensional analogy being
the surface of a sphere, perhaps a little simiart apple upon which ants may travel
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— they go round and round and just keep ending upheir starting point.
However this does still leave the question as tatvgipace this universe is embedded
in and we are back to arguments for infinite extams again. In any case the
astronomical evidence so far is against curvedespad infinite cosmological models
best fit the data (see reference 6).

[7] Complex Numbers are a generalization of Raainlers. They have two parts, a real
part and an imaginary part. Real numbers are ljkg @.546 — i.e they can be whole
numbers or decimals. Imaginary numbers are arer@astnumbers multiplied by the
square root of -1. Complex numbers occur naturafiythe solution of quadratic
functions with a minimum value that is greater taro.

[9] Most text books on quantum mechanics acdeg the default interpretation.

[10] Deutsch argues that “This remarkable non ramdaterference phenomenon is just
as inescapable piece of evidence for the exist@icthe multiverse as is the
phenomenon of shadows”i-e. in the double slit experiment when only a k&ng
photon or electron goes through the slit syst@talics are mine).

[11] One example of a finite space, is a positivaiyved, three dimensional space. The
two dimensional analogue being the surface of a Aabther example would be if
space had an unusual topology such as a toroidpeshThese spaces kdave
finite volume with no boundary, but if our univensere really like these shapes
then we should be expecting some unusual effedtginbservational data. A
universe made finite because of its geometry woeltlke being surrounded by
mirrors For example if the space is not too lamge should see multiple images of
the same galaxy pattern or Cosmic Microwave Baadkgugatterns that repeat. The
light rays constrained by such surfaces would iy return to their source
repeatedly. Thus far these tell tale signaturdsaéness have not been found.
According to Tegmark [36 ], “.the cosmic microwave background radiation
allows sensitive tests of such scenarios. So fareler, the evidence is against
them. Infinite models fit the data, and strong tarhiave been placed on the
alternatives” [37].

[12] A positively curved space would cause the twaservers to converge, whilst a
negatively curved space would cause them to sepafdternatively very large
triangles in a positively curved space have aniglesem which add to greater than
180 degrees, whilst a very large triangle in a tiegly curved space would have
angles that add to less than 180 degrees. Findlat apace would have very large
triangles whose angles would add to 180 degrees|[35¢.

[13] Schrédinger’s cat paradox was designed twshow Cartesian Dualism can lead
to strange results i.e. Who collapses the waveiom2tls it the cat? Or those who
observe the experiment? The experiment consisshofting up a cat in a box
containing a device which contains a single atona e&dioactive nucleus with a
half life of one hour. This atom is so placed thaBGeiger counter will detect the
decay of the atom - if it occurs. If the atom ddesay a sealed glass tube of poison
gas is smashed, releasing the poison gas whichkiierthe cat. The Copenhagen
view is that the live cat and dead cat is in a gup&tion until the observer looks
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inside the box. When he does his conscioussndapses the state of the cat
to either dead or alive. However the paradox mmounded in an extension due to
Wigner, who supposed that when another hour pdsgedter the box was opened
you go into the room yourself to find out what haped to the cat. You can ask the
original observer or see for yourself what the oote was. The question is who
collapsed the wavefunction that potentially kilkbe kitty?

Here|y/(A)=c, |y)]a)+ c,|y ;)| &)
can be thought of as

|w(At))=c | Cat- alive| observers sees cat alive,|c €at dgadsever- sees cat den
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