QBism: An Exercise in Thinking
Quantum Theory from a New Direction
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“Go it,” | almost cried aloud,
% “and go it stronger!”

--- William James on 1906
San Francisco earthquake
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QBism puts the scientist
back into science

A participatory view of science resolves quantum paradoxes and finds room
in classical physics for ‘the Now’, says N. David Mermin.

external world: particles, waves and

fields; how they change in time; and
how they give rise to the forms of matter, ter-
restrial and extraterrestrial, microscogic and
macroscopic. This warld makes itsdf known
1o each of us through our own peivate intermal

oaly Enk with the external woeld.

In Nature and the Greeks', Austrian physi-
cist Erwin Schrodinger traced the removal of
the subject from science back mare than two
millernia. Alongside the spectacular success
of physical science, this exdusion of persanal
experience has given rise to some vexing and

that the perceiving sabject has as important
a rale to play in understanding the nature of
physical science as does the perceived object.

The first problem is the notorious disa-
greement, confusion and murkiness that for
almost 2 century has phgued the foundations
of quasitum mechanics, in spite of the thecey's



The Milieu of Many Philosophy of
Science Meetings:

Nonlocality Rules the Day!

“What Bell proved, and what theoretical physics
has not yet properly absorbed, is that the physical
world itself is nonlocal.”
-- Tim Maudlin
“What Bell Did,” 2014



Einstein’s Worry

If one asks what is characteristic of the realm of physical ideas
independently of the quantum-theory, then above all the following £
attracts our attention: the concepts of physics refer to a real external 2 W
world, i.e., ideas are posited of things that claim a “real existence” E 4
independent of the perceiving subject (bodies, fields, etc.), and these
ideas are, on the one hand, brought into as secure a relationship as
possible with sense impressions. Moreover, it is characteristic of
these physical things that they are conceived of as being arranged in
a space-time continuum. Further, it appears to be essential for this arrangement of the
things introduced in physics that, at a specific time, these things claim an existence
independent of one another, insofar as these things “lie in different parts of space.”
Without such an assumption of the mutually independent existence (the “being-thus”) of
spatially distant things, an assumption which originates in everyday thought, physical
thought in the sense familiar to us would not be possible. Nor does one see how physical
laws could be formulated and tested without such a clean separation. ...

For the relative independence of spatially distant things (A and B), this idea is
characteristic: an external influence on A has no immediate effect on B; this is known as
the “principle of local action," The complete suspension of this basic principle would
make impossible the idea of (quasi-) closed systems and, thereby, the establishment of
empirically testable laws in the sense familiar to us.




Maudlin’s Worry On “Superdeterminism”

Recall Schrodinger’s class of identically prepared students.
We are told they can all answer any of a set of questions
correctly, but each can only answer one, and then forgets
the answers to the rest. It’s an odd idea, but we can still
test it: we ask the questions at random, and find that we
always get the right answer. Of course it is possible that
each student only knows the answer to one question,
which always happens to be the very one we ask! But
that would require a massive coincidence, on a scale that
would undercut the whole scientific method. Or else we
are being manipulated: somehow we are led to ask a given
guestion only of the rare student who knows the answer. So we switch our
method of choice, handing it over to a random number generator, or the throw of
dice, or to be determined by the amount of rainfall in Paraguay. But maybe all of
these have been somehow rigged too! Of course, such a purely abstract proposal
cannot be refuted, but besides being insane, it too would undercut scientific
method. All scientific interpretations of our observations presuppose that they
have not have been manipulated in such a way.




Somehow quantum mechanics
hits the sweet spot:

 The world is nonlocal,

* Yet, we can still do science.



Where Does It Stop?
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Einstein’s Worry, More Detalil

... Nor does one see how physical laws could be
formulated and tested without such a clean
separation. Field theory has carried out this principle
to the extreme, in that it localizes within infinitely
small (four-dimensional) space-elements the
elementary things existing independently of the one
another that it takes as basic, as well as the
elementary laws it postulates for them.

For the relative independence of spatially
distant things (A and B), this idea is characteristic: an
external influence on A has no immediate effect on B; this is known as
the “principle of local action,” which is applied consistently in field
theory. The complete suspension of this basic principle would make
impossible the idea of (quasi-) closed systems and, thereby, the
establishment of empirically testable laws in the sense familiar to us.




But is that autonomy enough?

Condicion de frontera, definida
a lo largo del borde la region

y

Region donde
esta definida
la ecuacion
diferencial



Chris Fields’ characterization of QBism
(arXiv:1108.2024):

Autonomy all the way down.


http://arxiv.org/abs/1108.2024

Autonomy All the Way Down

Chance 1s a purely negative and relative term, giving us
no information about that of which it 1s predicated, except
that i1t happens to be disconnected with something else—
not controlled, secured, or necessitated by other things in
advance of its own actual presence. What I say 1s that it
tells us nothing about what a thing may be 1 1tself to call
it “chance.” All yvou mean by calling i1t “chance” 1s that
this 1s not guaranteed, that i1t may also fall out otherwise,
For the system of other things has no positive hold on the
chance-thing. Its origin 1s 1n a certain fashion negative: it
escapes, and says, “Hands off!” ... coming, when it comes,
as a tree gift, or not at all.

This negativeness, however, and this opacity of the
chance-thing when thus considered ab extra, or from the
point of view of previous things or distant things, do not
preclude 1ts having any amount of positiveness and lumi-
nosity from within, and at its own place and moment. All
that its chance-character asserts about it i1s that there is
something 1n 1t really of its own, something that 1s not the
unconditional property of the whole. If the whole wants
this property, the whole must wait till it can get 1t. That
the universe may actually be a sort of joint-stock society of
this sort, in which the sharers have both limited liabilities
and Iimited powers, 1s of course a simple and conceivable
notion.

William James, 1842 -1910



62 WISSENSCHAFT

FRANKFURTER ALLGEMEINE SONNTAGSZEITUNG, »

FEBRUAR 2014, NR. ¢

So liegt denn alles im Auge des Betrachters

Quantenphysik ist absurd
Warum beschreibt sie dann
die Welt so exakt wic nichts
sonst? Nach Jahrzehnten
der Debatte liegt nun cin
Vorschlag vor, der das
Ratsel vielleicht 1asen kann.

YOR ULF VON RAUCHRAUPT

s ist fdach o glashen, dic Aufgabe der
Phaysik sci o, ctws s dic Natur henas-
rufinden. Plysik befent sich damit, wes
wir Qber dic Natur sagen kbtanen * Dicser
Satr 2cht n cinem Nachruf auf Nicks
Bobr (m%5 Lis i), den Kopenhagener
Frrvater der O sik - die Theo-
Tic, durch dic Atome, Licht @nd Flemen-
tartcdchen ot @kt beschrablar wur-
dn Und mn oll dicse Beschreilemg
micht der Natir sdlit gelten, sundern mr
wnerem Wissen dartiber? Tatsachiich hat
dier Verlasser der Dienkschrift, Bohrs lang-
fhriger Assistent Aage Petersen, dic Posi-
tiom tes Maisters akkurat beschrichen -
und d: = amﬂndl cn Skandal
en hadern damit las
heute Der \br-wl bttt auf Verrat am
ldead cines ratiomalen Widthdkdes, auf Mys-
tirisms oder mmindet Bohife dea
Der Almwehrkampd g:sm dic J\opcnh:ge
ner Interpratation
tobt schon Jahor cmie und wird d.dmi:
vdmsdmniﬂchsd&numdszm}hb:;n
lqu Fesilir e c
Feint, dic o je gabs Waram passt sic dann
myr:—duxu«krkhs‘dkni'lmﬂ, dic
PMancten, Damplkese md Flekromoto-
m Tegicrt, somdem 2cigt nechgerade -
surde Z4gr, ctws lnkhm.d-:gwdlr'a
Spudicn raglach flicgen? Manche Auwto-
ren sind l)‘c‘:nL dicA itzten licker zu
verbegern und baspiclsweise & cine sch
sandg in Pandidwelten aufspalicnde
Wirkichksit g glauben, als den
&r ischen Entititen cinen objcktiven
skier sleugrechen.

Seil cinigen Jahren gilt o dne necoe
Interpretation. dic vicBcicht @ der Frage
weiterhelfen kann, wie Quantentheoric
11 verstichen &t Sic nennt sich (QBis
mas®, Was pesenderweise Sl
sprochen wind wic dic revolutionire il
nichtung der modernen Malera, sich
aber vom Quanten-Baycdanianus® aldei-
et Baycsianigmus wictderam nennt sich
cine Auffesung darther, was mit dem
Waort wshrscheinlich® gemeint ist (siche
l",“s b ‘g i Ouamdlpﬂ:s:k 1[1)1;:

Tage betnifft dic

deswegen, wed deren Formeln im Allge-
meinen  Wahrscheinlichkeiten

cken: Anders als in der Bmth
sik, wo man mit Glodmngen den Ort
Vs cincs )hmmd.shcrpds 74 cincn 1u-
kanftigen Zeitpamikt berechnen kann, ver-
=g, in Quantenpby siker for den Ort oi-
ncs Elcktroms nar cine Wahnscheinlich-
keitw criciluns vorsustusasen. Das bedeu-

Im Unterschied ze den (Bisten crchuffen Kubteon dre Dimge sclher. Jaum Gres malte | Guasrre und Klartnes o* tm Jabrigao.

andere Figennchafien der Quantenphysik
t:ndr dic QBisten Emtprechungen in o-
=3 m lupesianich i chics-
e Wabrschenlihbtsheoric ' Dern
hier wic dort geht <s um den Grad persto-

bchikeit ane Frau war, demm cowa dic Hall-
te aller Menschen sind dic Frauen. Dasist
n dicsem Moment fir mich der Ju-
stand® des Geschlechts des Wittholdes.
Namn bekoamme ich cine weitere Infor-

wesenschaftliche Realitit for verschicde-
ne Sobjekte unterschiedlich D it
micht = sdisam, wic « klinnt®, erkbin
Fachs  Wis fir cinen Aktewr read it das
beruht adicn deranf, was dicer Aktewr fir

Minner W aber, wenn dic neue Infor-
mation chrin betcht, dess dic Persom
schr wohl lartig war? Dann werde ich
wohl schlagartig sicher scin, dass s cin
Mannwar.

Haarlg das Bayes-Theorem

Dor schottische Prarmer Thomas Baves
11791 ds 1761) betassie skh nebasbal mit
Matto matk und nstesond e mk @mPro-






What are Quantum Probabilities?
Indeed, what are probabilities?

Pn)



What Are Quantum Probabilities?

* Unless we want tickle, tickle, tickle, they have
to be banished from the external world.

My thesis, paradoxically, and a little provoca-
tively, but nonetheless genuinely, is simply this:
PROBABILITY DOES NOT EXIST.

The abandonment of superstitious beliefs about
the existence of Phlogiston. the Cosmic Ether,
Absolute Space and Time, ..., or Fairies and
Witches, was an essential step along the road to
scientific thinking. Probability, too, if regarded
as something endowed with some kind of objec-
tive existence. is no less a misleading conception,
an illusory attempt to exteriorize or materialize
our actual probabilistic beliefs.

Bruno de Finetti
1906 -- 1985
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No Commitment to Ontology Here

Most of the time one sees Bayesian probabilities characterized
as measures of ignorance or imperfect knowledge. But that
description carries with it a metaphysical commitment that is not
necessary for the personalist Bayesian.

Imperfect knowledge? |t sounds like something that, at least
in imagination, could be perfected, making all probabilities zero or
one—one uses probabilities only because one does not know the
true, pre-existing state of affairs.

All that matters is that there is uncertainty for whatever
reason. There might be uncertainty because there is ignorance of a
true state of affairs, but there might be uncertainty because the
world itself does not yet know what it will give—i.e., there is an
objective indeterminism.
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What We Do with Quantum States

W) = Pl
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Einstein, Podolsky, and Rosen (EPR) Criterion of REALITY

(1935)
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Modern-Day Version of EPR

Consider tTwo 5?::.*'1::.“7 E&PQTaif&ci
T.a."‘r-rl'\rs W oa mmﬂlmm“)r e,n‘%‘am%'te.ei

5+n+&1 3
|EPR) = g.‘mm

Now wmeasure the \left one any

Wa}; ?ﬂu “kﬁ.. 5&}; w:*h A oy B:

A



S0 vmeasuraerment 1s 5imp'\b

vrevelaXicwn a.-c*e..v" a\) ?

3

1+ heve |
L. 3
i . o ?rm&;Ek '+%E¥L.
:

1./\7\
e.ie.me-n"'.' ot
f&a“+y

I-F/L heve,
3 1 1
C. O vy Pf&*ﬁiﬂfﬁiﬁ +hbrm,
3 % 1

element of

f&n“+y



Key Argument
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Nonlocality, right?



“If | could make one change to the EPR paper in
retrospect it would be to alter the characterization of
this criterion. The authors call it ‘reasonable’ and ‘in
agreement with classical as well as quantum-
mechanical ideas of reality’, but its status is actually
much stronger than that: the criterion is, in the
parlance of philosophers, analytic. That is, this
criterion follows just from the very meanings of the
words used in it.”

-- Tim Maudlin

“What Bell Did,” 2014



But, remember in QBism:
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What Quantum Probabilities Are About
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“Our Experience infon/with the External World”

-- with apologies to Bertrand Russell

In our cognitive as well as in our active life we
are creative. We add, both to the subject and to
the predicate part of reality. The world stands re-
ally malleable, waiting to receive its final touches
at our hands. Like the kingdom of heaven, it suf-
fers human violence willingly.

William James
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What QBism Is Not




EPR Redux ... QBist Style
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QUANTUM MYSTERIES FOR ANYONE

(C) (B)

Fig. 2. The complete device. A and B are the two detectors. C is the
box from which the two particles emerge.
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Done, right?



A way to think about QBism ...
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Don’t Forget!
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Erwin Schrodinger on Responsible Physics*

In an honest search for knowledge you quite often have
to abide by ignorance for an indefinite period. Instead
of filling a gap by guesswork, genuine science prefers to
put up with it; and this, not so much from conscientious
scruples about telling lies, as from the consideration that,
however irksome the gap may be, its obliteration by a
fake removes the urge to seek after a tenable answer. So
efficiently may attention be diverted that the answer is
missed even when, by good luck, it comes close at hand.
The steadfastness in standing up to a non liguet, nay in ap-
preciating it as a stimulus and a signpost to further quest.,
is a natural and indispensable disposition in the mind of
a scientist. This in itself is apt to set him at variance
with the religious aim of closing the picture, unless each
of the two antagonistic attitudes, both legitimate for their
respective purposes, is applied with prudence.

Erwin Schrodinger, 1954

* This message sponsored by QBists for Quantum Attitude Reform.



