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Abstract: <p>One necessity to avoid the measurement problem in guantum mechanicsis a clear ontology. Such an ontology is for instance provided
by Bohmian mechanics. In the non-relativistic regime, Bohmian mechanics is a theory about particles whose motion is governed by a velocity field.
The latter is generated by a wave</p>

<p>function solving the SchrAfdinger equation. In view of Feynman's criticism towards classical field theory one may wonder whether such a
complex object as the wave function is needed to account for quantum phenomena. After all the value of the velocity field, i.e., of the wave
function, is only needed in the vicinity of the configuration of the particle positions, however, it is defined everywhere in configuration space, even
in places where the configuration might never roam. In ajoint work with M. Hall and H. Wiseman we were able to formulate an approach to
guantum mechanics that is capable to describe typical quantum phenomena like interference without a wave function, having only particles. This
approach comes at the cost of introducing many classical worlds, hence the name Many-Interacting-Worlds approach (MIW). In MIW the force on
each particle is given by 1) Newton's force describing the interaction within each world and 2) an additional force term describing an interaction
between the worlds. Similar approaches have been suggested by B. Poirier and C. Sebens. | will give an overview on MIW, discuss the nature of its
equations of motion, and its empirical import.</p>
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Outline

+ The practitionerg’ pergpective on quantum theory

+ A auccessful ontology for quantum theory

* Quantum theory without a wave function?
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Without doubt, quantum mechanies is one of the fundamental column in physies:

General Relativity large scaleg? quantum gravity?

Clasgical Mechanics intermediate ecalee? macroscopic interference?

Quantum Theory gmall ecales? gcattering regime?

But when should one theory be preferred over another?
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Practitioner: "“Quantum theoretic degcription ie good when it gives good predictiong.”

What i quantum theory about? What ig it that it ie g0 good predicting in?

Defining equation of motion in quantum theory:

What i the entity %, that moves?
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"Why not look it up in a good book?", J.S. Bell, Againgt Meagurement (1990)

Postulates of Quantum Theory:

The state of a quantum gystem ig repregented by the wave function %
orket 4> .

. Obgervableg are repregented by Hermitian operatore & that act
on ketg.

. The only possible outcome of a measurement ig the eigenvalue of the
operator A %> = o (%>

. The probability of meaguring @ ie Flay= [C%l% "

. After a meagurement yielding Q.. the new state ig a normalized
projection [<%IR1%5[% R[E> , R = (&>

. The time evolution of the ctate ic given by i'%:\#> = HD.
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"For thoge who are not shocked when they firet come acrosg quantum theory

cannot posgibly have understood it.

N. Bohr, quoted by W. Heigenberg in
Physics and Beyond (1971)
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A gystem of what? Particles, Fielde? What ig their state?
Obgervables? A thing that humang can experience? Only humans?

. Meagurement? Do [ have to look at the pointer in a lab, or ig the pointer

being there, without me looking, enough? (¢ there a one-to-one map
between Hermitian operatore and experiments? No!

. Probability? (¢ there gomething intringically stochagtic? Or ig thig only the

effective description of a determinigtic, even more fundamental theory? Or

are all poseibilities realized, we just don't know in which world we live?

When i¢ after a meagurement? When [ look at the pointer? “Wag the wave
function of the world waiting to jump for thougands of milliong of years
until a gingle-celled living creature appeared? Or did it have to wait a little
longer, for some better qualified eystem . . . with a PhD?", (J.S. Bell, 1990)
That the time evolution of % ig ruled by the Schrodinger evolution
contradicte projection postulate 5. Schrodinger's cat...
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' think [ can gafely say that nobody undergtands quantum mechanice.”

R P, Feynman, The character of a physical law (1965)

So what is quantum theory about?

[ like to think that the moon ig there even when [ am not looking at it.

A. Eingtein
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Ontology: There are N matter pointg, they have gpatial relationg
w.r.t. each other, and those change.
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Mathematies: | ‘m\;&‘ B r@?’* f@‘%\'

p
= | %h--»,%,é\ omcedes M/uz SHLL‘O«E aelolaous

of Lo N waker pots, Qe R”
- {
Y = _ﬂ' ‘ o UELOC\LU %}Jo‘ o((bglueok \ackj
9 5%

e Curent d't ool iu,s\b S
aﬁ%ﬂt"-o‘\ \Oa ijé

- . /72 \
<V Sbuc? \'CQU\.[Q\’ r]-/ﬂhaj d&jﬂ ~No , Zlo' 'LjL\Q‘K_ s A

Pirsa: 15050015 Page 11/35



If % is given, one can carry out Boltzmann's program as in statistical mechanics:

Replace the unknown initial data by random variableg distributed by

a meagure on configuration space IR given by the principle of stationarity;

Typicality does not change in time.

The regulting probabilistic predictiong then capture what ig to expect in the typical univerges.
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Typicality does not change in time.

The regulting probabilistic predictiong then capture what ig to expect in the typical univerges.

-Hnle Olicx(jram

Hence, ag begt guess we may replace the unknown degrees of freedom in the initial

configuration by (%" distributed random variables to yield an effective description of
ubgygtemg.
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Hence, ag begt guess we may replace the unknown degrees of freedom in the initial
configuration by [%\" distributed random variables o yield an effective description of
gubgystemng.

Subsystems:
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Subsystems:
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define the motion of the particles.

+ What ig the meaning of the value of %, in the vagt
empty regiong of configuration epace where it hag eupport
but the configuration may never roam?

+ Feynman'g criticiem toward electrodynamics

Can we do without %, ?
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+ Feynman's criticiem toward electrodynamics

Can we do without %, ?
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Many-Interacting-Worlds approach:

A (M) o~

large but finite number of coexigting worlde N, ..., @~ &

replace B~ by a emoothed version of the empirical density

z/ "( “ M) =7 73\ L H gw, - Qch)\
B \<\ = R\, ., Q T\X} ‘= Simooth Uersion o0 > < \ t

~ WaA

equationg of motion for M world configuratione
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. T 7/ ) = (w . 0 .
+ @iven the initial data QY Qo ’\M ., thedynamicg of £ +e (2,7 ie defermined.

* In contragt to the Everett interpretation, in which worlde are orthogonal components of the

wave functiong, in MIW), there are rather N x M matter pointe that are differentiated
dynamically only.

While each world evolves deterministically, in which world we are living in i unknown.
Hence, asgertiong about the configuration of matter pointg in our world naturally become

probabilistic in the genge of Laplace:

tfapfx)} =
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+ Similar ideag have been independently developed by
> B Holland 2005
> B. Poirier 2010

+ Connection to “maximal variety principle” by L. Smolin 2015

. . FC A0 ™7 /
A simple example for a candidate € \&",..., Q@ J(X)

+ one dimengion

+ one particle per world
e ardorinn Y ¢ RV, .~ M
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Z
A simple example for a candidate € 1Q",..., Q" J(X)

one dimengion
one particle per world

; (
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one particle per worla
ordering (3" < Q¥<... < ™
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Using such a linearization algo for the derivatives, the equationg of motion turn into

@, = -ov(@?) - VUed,.,a’T(a?)

A nks

%ﬁ" UL{@&; &fh)] (Q“U _ Z (— Q(.,n) &m - a(n) 3 &(n-.{) \

Pirsa: 15050015 Page 29/35



Pirsa: 15050015 Page 30/35




7 @ 80% W)

Typical quantum phenomena: Double lit experiment
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Open Questions:

» 3d toy model for many worlds

+ Description of Spin

+ Relativistic equations of motion

- General statistical analysis of subsystems

Thank you!
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Using euch a linearization algo for the derivatives, the equationg of motion turn into
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Typical quantum phenomena: Double ¢lit experiment
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Uging euch a linearization algo for the derivatives, the equationg of motion turn into
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Typical quantum phenomena: Double ¢lit experiment

Page 35/35



