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Paradox of decoherence

| combine several well-known Gedankenexperiments, namely the one by Einstein,
Podolski and Rosen (EPR), plus Bell's Inequalities, and Schrddinger’s Cat, as
well as Wigner’s Friend, into a new Gedankenexperiment, that | essentially first
devised in January 2003 for a Usenet post to the sci.physics.research newsgroup.
Archived here: https://www.classe.cornell.edu/spr/2003-01/msg0047545.html

From: Alain Stalder <astalder@exactphilosophy.net>
Newsgroups: sci.physics.research

Subject: Re: Some questions on decoherence and QM.

Date: Mon, 13 Jan 2003 22:30:49 +0000 (UTC)

Message-ID: <astalder-A850F5.13133713012003@news.bluewin.ch>

In article <3E1C9025.A2D5A6CBQuni-essen.de>,
Urs Schreiber <Urs.Schreiber@uni-essen.de> wrote:

> Frank Hellmann wrote:

> > A measurement of the quantum system described by rho in gemerally still
> > has a propability for both classically exclusive states though, so we

> > still have a superposition of classically exclusive states.

>

The last phrase must read: "a *mixture* of classical states".

Using the density operator omne is bound to talk about
statistics only. Decoherence cannot and does not explain "how"
a system chooses from the possible outcomes a specific one
when we measure it. Decoherence only explains how the "quantum
probability" becomes a '"classical probability", very roughly
speaking, but it still only gives probabilities.
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It is worthwhile to explain what exactly "classical" means in
this context. This is maybe most easily seen if Schroedinger’s
Gedankenexperiment is combined with the experiment for testing
Bell’s Inequality:

Two entangled photons fly in opposite directions and then each
pass through polarization filters. A photon detector after each
filter either kills or does not kill a cat on each side,
depending on whether the respective photon has passed through
the polarization filter.
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Decoherence tells us that each cat quickly ends up in a state
with a density matrix that is practically diagonal. Or, more
loosely put, the cat is "either dead or alive, but not both".
Can we conclude that whether the cat is dead or alive is already
determined, that an experimentator who looks inside to discover
either a dead or a living cat will only note what was already
determined before ?

No, because Bell’s Inequality excludes any local hidden variable
theories in which for both cats it would already be determined
whether the cats are dead or alive. In other words, "classical"
means in this context only that you cannot do interference with
Schroedinger’s cats, i.e. that they statistically behave like
measured cats, but not that measurement has already occured
through decoherence.

Hence some of the "strangeness" of quantum mechanics remains,
especially if you modify the above Gedankenexperiment to include
what is typically called "Wigner’s Friend". Replace each cat by
an experimentator who looks at the detector, and place two other
experimentators outside the respective labs.

Now, when does measurement occur ? When the inner experimentators
look at the detectors, or when the outer experimentators open the
doors to the respective labs and ask the guys inside about what

they have measured 7 At least decoherence tells us that we cannot
distinguish experimentally between the two possibilities, because
in both cases all experimentators behave statistically classical.

In conclusion, decoherence is a big step towards understanding
measurement in quantum mechanics, but does not go all the way,
at least not yet.

Alain Stalder

The more recent article “Quantum theory cannot consistently describe the use
of itself” by Frauchiger and Renner (2018) shows that at least in some cases
quantum mechanics as a universal theory of how the world evolves can lead
to logical inconsistencies regarding measured data from the point of view of
different observers. In other words, if that proved to be true, decoherence could
not explain measurement in quantum mechanics in general.

In a way, this would have already been clear from my Gedankenexperiment:
Just singling out some quantum coherence that would decay independently on
both sides, except the one that is bound to remain correlated, does not make
sense. In my view, since science generally assumes that there is one “reality” —
otherwise published theories and measured data would not be the same for all,
i.e. the whole setup would be inconsistent—the only remaining solution might
be that there really are connections at a “speed” faster than light behind the
scenes, i.e. also that the future would have an influence on the past, albeit only
within the limits of the strange things that quantum theory permits.

But the previous sentence is, of course, not really news in this generality.
In any case, | hope that my Gedankenexperiment might help future research in
quantum theory a bit, if only as inspiration.
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