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Higgs boson decay in a
universe far, far, far away
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Large Hadron Collider

Courtesy of CERN
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210 CHAPTER 5. LONG THESIS

O, can of course continue to repeat the determination, obtaining the same result

each time.
We now suppose that O, determines [ in Sy, which results in

U= il GG ag it sy
]

However, in this case, as distinct from Case 2, we see that the intervention of
0, in no way affects O,’s determinations, since O is still perfectly correlated to the
states d)f‘ of S}, and any further observations by O, will lead to the same results
as the earlier observations. Thus each memory sequence for O; continues without
change due to Os’s observation, and such a scheme could not be used to send any

signals.
Furthermore, we see that the result (3.11) is arrived at even in the case that O,
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Born rule
Max Born

Max Born photo courtesy Emilio Segre Visual Archives



n
2

g
o
©
c
<
£
E










Scanned at the American
Institute of Physics

Scanned at the American
Institute of Physics

Paul Dirac John von Neumann

Photos courtesy Emilio Segre Visual Archives



Iron on copper quantum corral
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Scanning tunneling microscope

Courtesy of IBM Corporation



SR
TR

<
s

.




Scanned at the American
Institute of Physics

Erwin Schrodinger Niels Bohr

Photos courtesy Emilio Segre Visual Archives






Simulated Higgs event: CERN
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“Relative State” Formulation of Quantum
Mechanics”

HucH EveRreTT, IIIf

Palmer Physical Laboratory, Princeton University, Princeton, New Jersey

1. INTRODUCTION

HE task of quantizing general relativity raises
serious questions about the meaning of the
present formulation and interpretation of quantum
mechanics when applied to so fundamental a structure
as the space-time geometry itself. This paper seeks to
clarify the foundations of quantum mechanics. It
presents a reformulation of quantum theory in a form
believed suitable for application to general relativity.
The aim is not to deny or contradict the conventional
formulation of quantum theory, which has demon-
strated its usefulness in an overwhelming variety of
problems, but rather to supply a new, more general and
complete formulation, from which the conventional
interpretation can be deduced.

The relationship of this new formulation to the older
formulation is therefore that of a metatheory to a
theory, that is, it is an underlying theory in which the
nature and consistency, as well as the realm of applica-
bility, of the older theory can be investigated and clari-
fied.

The new theory is not based on any radical departure
from the conventional one. The special postulates in the
old theory which deal with observation are omitted in
the new theory. The altered theory thereby acquires a
new character. It has to be analyzed in and for itself
before any identification becomes possible between the
quantities of the theory and the properties of the world
of experience. The identification, when made, leads
back to the omitted postulates of the conventional
theory that deal with observation, but in a manner
which clarifies their role and logical position.

We begin with a brief discussion of the conventional
formulation, and some of the reasons which motivate
one to seek a modification.

2. REALM OF APPLICABILITY OF THE CONVENTIONAL
OR “EXTERNAL OBSERVATION” FORMULATION
OF QUANTUM MECHANICS

We take the conventional or ‘“‘external observation”
formulation of quantum mechanics to be essentially

* Thesis submitted to Princeton University March 1, 1957 in
partial fulfillment of the requirements for the Ph.D. degree. An
earlier draft dated January, 1956 was circulated to several physi-
cists whose comments were helpful. Professor Niels Bohr, Dr. H. J.
Groenewald, Dr. Aage Peterson, Dr. A. Stern, and Professor L.
Rosenfeld are free of any responsibility, but they are warmly
thanked for the useful objections that they raised. Most particular
thanks are due to Professor John A. Wheeler for his continued

the following': A physical system is completely de-
scribed by a state function ¢, which is an element of a
Hilbert space, and which furthermore gives information
only to the extent of specifying the probabilities of the
results of various observations which can be made on
the system by external observers. There are two funda-
mentally different ways in which the state function
can change:

Process 1: The discontinuous change brought about
by the observation of a quantity with eigenstates
@1, ¢2,- - -, in which the state ¢ will be changed to
the state ¢; with probability | (¢,¢;)|%

Process 2: The continuous, deterministic change of
state of an isolated system with time according to
a wave equation 0y/0!=Ay, where 4 is a linear
operator.

This formulation describes a wealth of experience. No
experimental evidence is known which contradicts it.

Not all conceivable situations fit the framework of
this mathematical formulation. Consider for example an
isolated system consisting of an observer or measuring
apparatus, plus an object system. Can the change with
time of the state of the total system be described by
Process 2? If so, then it would appear that no dis-
continuous probabilistic process like Process 1 can take
place. If not, we are forced to admit that systems whick
contain observers are not subject to the same kind of
quantum-mechanical description as we admit for all
other physical systems. The question cannot be ruled
out as lying in the domain of psychology. Much of the
discussion of “observers” in quantum mechanics has
to do with photoelectric cells, photographic plates, and
similar devices where a mechanistic attitude can hardly
be contested. For the following one can limit himself to
this class of problems, if he is unwilling to consider ob-
servers in the more familiar sense on the same mechanis-
tic level of analysis.

What mixture of Processes 1 and 2 of the conventional
formulation is to be applied to the case where only an
approximate measurement is effected ; that is, where an
apparatus or observer interacts only weakly and for a
limited time with an object system? In this case of an

guidance and encouragement. Appreciation is also expressed to the
National Science Foundation for fellowship support.
t Present address: Weapons Systems Evaluation Group, The
Pentagon, Washington, D. C.
1 We use the terminology and notation of J. von Neumann,
thematical Foundations of Quantum Mechanics, translated by
R. T. Beyer (Princeton University Press, Princeton, 1955).
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John Wheeler, 1934 John Wheeler, 2003
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Bikini Atoll hydrogen bomb test, April 1954

Photo courtesy: LLNL
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IBM Univac, 1957
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observers fit in together.

Everett replies: Well, again, all of the consistency of ordinary physics
is preserved by the correlation structure of this state. You'll always
find that an observer who repeats

At ampil el
the same measurement will always get the same answer and h&«wg« “

1nteracting with another observer measuring the same system. 7Ace.,
szl*r\.& v Cequ Yoo zit-c‘«c_t L frer Thot, Qlrucling s Ho Abase raehdnicey,

Podolsky speaks: It looks like we would have a non-denumerable infinity
of worlds.

Everett: Yes.

Podolsky continues: Each proceeding with its own set of choices
that have been made.

Furry says: To me, the hard thing about it is that one must
picture the world, oneself, and everybody else as consisting
not in just a countable number of copies but somehow or
another in an undenumerable number of copies, and at this my
imagination balks. I can think of various alternative Furrys
doing different things, but I cannot think of a non-denumerable
number of alternative Furrys.

(Podolsky chuckles)

Everett says: I'd like to make one final remark here. The
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THE MANY-UNIVERSES INTERPRETATION

OF QUANTUM MECHANICS

Bryce S. DeWitt

Deparxtment of Physics

University of North Carolina at Chapel Hill
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follows that no matter how small we choose © we can always
h so that the norm of Ix;) becomes smaller thaa any

x. This means that

“an |vp) = [9). (6.17)
N

d that, because of the orthogonality of the basis vectors
this result holds regardl of the quality of the measure-

independently of whether or not the coadition

(olsywsgl|olsy eray)) = (o]o,']T o 8!

nts is satisfied or not.
result is obtained if !Y;) is redefined by excluding, in
nts of the superposition (4.8) whose memory sequences
any finite combination of the infinity of other requirements
sequence. Moreover, no other choice for the w's but (2.4)
The conventional tical interpre: on of quantum
thus emerges from the formalism itself. Noarandom memory

n the superposition (4.8) are of measure zero in the Hilbert

| the limit N-.' Each actomaton (that is, apparatus cum

tt's original derivation of this rescltl invokes the formal
of -nun :huory and probability theory, and is rather too
The present derivation is mtially due
A more rigorous treatment of the
Lnnrpnnuon question, which deals carefully with the probl;n
the Hilbert space in the limit Ne=, has been given by Hartle.
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The Everett Interpretation
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S This archive contains a collection of scanned original

ts documents and audio recordings related to Hugh Everett III
(November 11, 1930 - July 19, 1982), the American
physicist who first proposed what has come to be known as

[ the many-worlds interpretation (MWI) of quantum physics.

These documents include draft and final versions of Everett’s
long and short Ph.D. theses and the early notes that led to
these published works, Everett’s correspondence regarding
his relative state formulation of pure wave mechanics, and

tics miscellaneous biographical material. Most of these
documents were discovered in the basement of Mark

pace Everett, Hugh Everett III's son, in Los Feliz, California by
Peter Byrne in 2007 and are published here for the first
time.

First published in Reviews of Modern Physics in 1957 as "The
'Relative State’ Formulation of Quantum Mechanics,”
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