Randomness and the Emergence of Facts
in Quantum Theory
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QM is QM-as-QM and everything else is
everything else*

* “The one thing to say

about art is that it is one
thing. Art is art-as-art
and everything else is
everything else.”

(Ad Reinhardt)




“Alle Naturwissenschaft ist auf die Voraussetzung
der vollstandigen kausalen Verkntpfung jeglichen
Geschehens begrindet.”
(Albert Einstein, 1910)

ell —is it?



Questions to be Addressed

In our courses, we tend to describe quantum-mechanical systems as pairs of a
Hilbert space, H, and a propagator, U(t,s), describing time-evolution.
Unfortunately, these data encode almost no invariant structure (beyond
spectral properties of U(t,s)) and give the erroneous impression that quantum
theory might be deterministic. Among the fundamental problems of quantum
theory are then:

« What do we have to add to the usual formalism of quantum mechanics in
order to arrive at a mathematical structure that (through “interpretation”)
can be given physical meaning, independently of “observers”?

* Where does intrinsic randomness in guantum mechanics come from,
given the deterministic character of the Schrodinger equation? In which
way does it differ from classical randomness?

Do we understand probabilistic phenomena in quantum mechanics, such
as “guantum jumps” or the appearance of particle tracks in “detectors”?

Etc.
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Conclusions

Besides randomness arising as a consequence of incomplete
knowledge/information about a physical system — such as
“thermal randomness” — which, of course, also arises in classical
physics, Quantum Theory exhibits an intrinsic randomness that
arises as a consequence of entanglement with degrees of
eedom about which, fundamentally, information cann

— (fundamental) “information loss”. Thi




However, indirect measurements always involve von
Neumann measurements of “probes”; see Sect. 3. Repeated
indirect measurements lead to various forms of stochastic
effective dynamics that provide some understanding of the
phenomenon of “quantum jumps” and explain why quantum

particles trace out trajectories /tracks; see Sect. 4.
% %k Xk

Among problems deserving further study is to derive the
effective dynamics of a (sub-)system, P, evolving according to
some unitary dynamics and subject to continuous
measurements of a physical quantity a. Formally, this
dynamics is given by a stochastic differential equation for the
state of P which appears to determine a stochastic jump
process on the spectrum of a. However, in order to solve
Mott’s problem of particle tracks in a detector, the spectrum
of a should be replaced by the phase space of a particle.

The End



My Manifesto

I propose that, at all colleges and universities of the so-
called civilized world — in Europe and the Americas —
one or two days per semester will be declared to be

Days of Reflection and of Protest

During these days, we will not teach or attend
committee meetings, and there won’t be any exercise
classes. Instead, we will discuss some of the serious
problems threatening our civilization, draft declarations
and reach out to the media, with the aim to make 1t clear
to all circles wielding power that we no longer accept:




My Manifesto, ctd.

That internal tensions and conflicts in countries belonging
to the so-called civilized world, such as the Ukraine, are
“solved” by armed conflicts rather than by political
dialogue and compromise.

That innocent people are slaughtered 1n ugly civil wars
and by terrorist activities, such as those in Syria and Iraq.

That countries threaten other countries with warfare.

That weapons are sold to (clans) in countries plagued by
civil war or other forms of unrest and conflict.

That religions are abused for purposes of power and
suppression.

That the dignity and the rights of women are abused and
offended in the name of religion.




My Manifesto, ctd.

* That people are harassed or killed because of their race or faith.

* That nothing is done against the perversions of 215t Century
Capitalism.

* That the resources of Planet Earth continue to be looted
shamelessly.

These are but some examples of numerous problems threatening the
survival of humankind in peace and dignity. —

Where 1s the “Peace Movement”, where are movements such as
“Occupy Wall Street”, “Survivre et Vivre”? What 1s the “Club of
Rome” doing? Why are the media silent about the activities of these

and other groups?
keksk

Students and Academics of Europe and the Americas,
raise your voices, arise!




