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Asking this was once taboo, but nowadays it is an exciting and active field
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So… what is it?

The concept of “observable” lends itself to very
precise mathematics when identified with “selfadjoint operator”. But physically, it is a rather wooly
concept. It is not easy to identify precisely which
physical processes are to be given the status of
“observations” and which are to be relegated to the
limbo between one observation and another.
J. S. Bell, Speakable and unspeakable in quantum mechanics,
Cambridge University Press, 2004, p. 52.

J. S. Bell
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Somewhere between
some of these steps?

At me?

At the microscope I use to look
at the microscopic interference pattern?
At the screen?
At the double-slit plank?

But wait, it gets worse: Maybe “measurement” happens in my mind…

Maybe…

A Nobel prize-winning physicist proposed it (not joking)
When the province of physical theory was extended
to encompass microscopic phenomena, through the
creation of quantum mechanics, the concept of
consciousness came to the force again: it was not
possible to formulate the laws of quantum
mechanics in a fully consistent way without
reference to the consciousness.
It follows that the being with a consciousness must
have a different role in quantum mechanics than the
inanimate measuring device…
E. P. Wigner

E. P. Wigner, Remarks on the mind-body question,
in Symmetries and Reflections, Indiana University Press, p. 171.

Oh my! But why?

The usual reason for these things

E. P. Wigner

Until not many years ago, the “existence” of a mind
or soul would have been denied by most physical
scientists. The brilliant successes of mechanistic
and, more generally, macroscopic physics and of
chemistry overshadowed the obvious fact that
thoughts, desires, and emotions are not made of
matter, and it was nearly universally universally
accepted among physical scientists that there is
nothing besides matter. […] Even today, there are
adherents to this view though fewer among the
physicists than —ironically enough— among
biochemists.
E. P. Wigner, Remarks on the mind-body question,
in Symmetries and Reflections, Indiana University Press, p. 171.

More relevant data
Near the end of his life, Wigner's thoughts turned
more philosophical. In his memoirs, Wigner said:
"The full meaning of life, the collective meaning of
all human desires, is fundamentally a mystery
beyond our grasp. As a young man, I chafed at this
state of affairs. But by now I have made peace with
it. I even feel a certain honor to be associated with
such a mystery." He became interested in the
Vedanta philosophy of Hinduism, particularly its
ideas of the universe as an all pervading
consciousness.
E. P. Wigner

Eugene Wigner entry at Wikipedia.

But don’t think this is old history

They make it very difficult for us to complain about this
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… or about this
Shall I look at Her
Or shall I not?
Hard, small, separated
If I look;
Soft, spread-out, connected
If I don't.
!

Hard particle and soft wave: both?
Small right-here and spread-out everywhere: both?
Deep connected yet lonely separate?
!

Honey
Some day You gotta show me
How You do that.
N. Herbert, Physics on all fours,
Sea Creature Press, 2000.
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… is a natural consequence of the vague, ambiguous talking
that we physicists have allowed and even encouraged
for too many decades now.
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I don’t mean vague, ambiguous talking in the department corridor, or in brainstorm
meetings, or in the bar.
No. That’s fine. I am OK with that.
I would be too naive if I didn’t know that real research requires that we use language
with different levels of definiteness depending on the phase, depending on the purpose.
I mean vague, ambiguous talking in the very postulates of the theory, in the best
textbooks that we use to teach quantum mechanics to the new generations.

The Copenhagen interpretation (postmodernism at its best)
There is no quantum world. There is only an abstract quantum
physical description. It is wrong to think that the task of
physics is to find out how nature is. Physics concerns what we
can say about nature.
Copenhagen interpretation of quantum mechanics,
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N. Bohr

W. Heisenberg

The Copenhagen interpretation (postmodernism at its best)
There is no quantum world. There is only an abstract quantum
physical description. It is wrong to think that the task of
physics is to find out how nature is. Physics concerns what we
can say about nature.
Copenhagen interpretation of quantum mechanics,
http://www.informationphilosopher.com

N. Bohr
This again emphasizes a subjective element in the description
of atomic events […] what we observe is not nature in itself but
nature exposed to our method of questioning. Our scientific
work in physics consists in asking questions about nature in
the language that we possess and trying to get an answer from
experiment by the means that are at our disposal.
W. Heisenberg

Copenhagen interpretation of quantum mechanics,
http://www.informationphilosopher.com
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The “Copenhagen interpretation” was once taken as good philosophy.
It was the “official version” throughout most the twentieth century, some say more
or less up to the 80s.
Deviations from officiality were seen as irreflexive, naive, weak, and irrelevant.
Accordingly, working too much in them could easily result in being relegated in your
career and getting worse jobs in academia.
John Stewart Bell, responsible of the rebirth of the field of
quantum foundations and of many very important results about
quantum mechanics, once famously said: “I am a quantum
engineer [referring to his very relevant ‘day job’ at CERN as a
particle physicist and accelerator designer], but on Sundays I
have principles.”
J. S. Bell

Opening sentence of his "underground colloquium" in March 1983,
as quoted by N. Gisin in Quantum [un]speakables: from Bell to quantum information,
Springer, 2002, p. 199.
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Now a lot of scientists recognize the Copenhagen interpretation for what it really
is: an excuse, a “pragmatic”, fast-and-dirty way out of a difficult, unsolved problem.
If I were forced to sum up in one sentence what the
Copenhagen interpretation says to me, it would be
“Shut up and calculate!”
N. D. Mermin

N. D. Mermin, What’s wrong with this pillow?,
Physics Today 42 (1989) 9.

“Bohr brainwashed a generation of physicists”

H. Putnam

… it took a long time for physicists to admit that there
is […] a problem. I can tell you a story about that. In
1962 I had a series of conversations with a worldfamous physicist (whom I will not identify by name).
At the beginning, he insisted, ‘You philosophers just
think there is a problem with understanding quantum
mechanics. We physicists have known better from
Bohr on.’ After I forget how many discussions, we were
sitting in a bar in Cambridge, and he said to me, ‘You’re
right. You’ve convinced me there is a problem here; it’s
a shame I can’t take three months off and solve it.’

“Bohr brainwashed a generation of physicists”
Fourteen years later, the same physicist and I were
together at a conference for a few days, and he opened
his lecture at that conference (a lecture which
explained to a general audience the exciting new
theories of quarks) by saying, ‘There is no Copenhagen
interpretation of quantum mechanics. Bohr
brainwashed a generation of physicists.’ Evidently, he
had undergone a considerable change of outlook.
H. Putnam

H. Putnam, A philosopher looks at quantum mechanics (again),
Br. J. Philos. Sci. 56 (2005) 615-634.
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The unnamed physicist was Murray Gell-Mann.

M. Gell-Mann
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It’s more like a zombie interpretation, with its “arguments” inadvertently creeping into
conversations and papers, into discussions and books, into opinions and careers,
long after it died.
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You can only talk about what can be measured.
This is just a position among many. In no way this has been “proved” by quantum
mechanics. Any person working in Bohmian mechanics will advise you differently,
also people working in collapse models, and Bell, and Jean Bricmont, and Tim
Maudlin and many more.
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is not this one. Its problem is that it is ambiguous at the postulates level.
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First, QFT is not a fundamental theory of nature either, so why bother?
Any theory that has a non-zero range of application (such as QM, QFT, Newtonian
mechanics, etc.) is useful and therefore worth of any polishing attempts.
QFT has not told us what “measurement” is either?
In a very relevant sense, QFT concepts are “based on” QM ones. Hence, it is
probable that fixing QM will be good for QFT too.
People is working in relativistic versions of the proposed alternatives to
“standard” QM. E.g., in collapse models and Bohmian mechanics.
People that knew (know) a great deal of QFT, such as Bell or ’t Hooft, also knew
(know) that there is a problem in QM and worked (work) to fix it.
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Since (some) humans are intelligent, this can be achieved. And it is achieved every
single day a lot of times.
We pretend science is different from haute cuisine in this respect, but it isn’t. (It is
different in other respects.)
What is more frequent: QM experiments working or your plane landing safely, or your
computer doing what you expect it will do?
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There are more axes
Apart from the degree of vagueness, there are of course more axes that (may)
distinguish scientific theories from other sets of rules:
Much notably: range of application.
Compactness.
Accuracy with respect to quantitative predictions.
That’s why we know that haute cuisine and quantum mechanics are different
animals.
But both contain appreciable vagueness (of course, haute cuisine more of it… but
still), and both work.
This compatibility between vagueness and working is the only thing that we needed
to prove in order to disable the “But it works!” argument.
Yes. Quantum mechanics works… and, still, it is vague.

We know how to use it, but we don’t understand it

L. Hardy

There is no question that quantum theory works well
as a tool for predicting what will occur in experiments.
But just as understanding how to drive an automobile
is different from understanding how it works or how to
fix it should it break down, so too is there a difference
between understanding how to use quantum theory
and understanding what it means.
Why physics needs quantum foundations,
Physics in Canada 66 (2010) 73-76.

R. Spekkens

Do you want to be a quantum physicist or a quantum mechanic?

Thank you for your attention… questions?
Now… or later: pablo.echenique.robba@gmail.com

