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S

n his June 2022 Quick Study (page 62),

David Mermin argues that “the quan-

tum state of a system expresses only
the belief of the particular physicist who
assigns it to the system.” Applying that
to quantum measurements, he finds
that “the acquisition of further infor-
mation by that physicist . .. can lead to
an abrupt change in those probabilities
and thus to an updating of the quantum
state that the physicist uses to represent
them. There is no quantum measurement
problem.”

But wavefunctions have been collaps-
ing ever since the Big Bang, with no as-
sistance from physicists. An apparatus’s
display of a measurement outcome oc-
curs even if the experimenters happen to
be out of the room. When a cosmic-ray
proton strikes a sand grain on Mars and
moves the grain, a quantum measure-
ment occurs and the proton’s wave-
function collapses regardless of the ab-
sence of humans.

Roger Carpenter and Andrew Ander-
son of the University of Cambridge
performed a “Schrédinger’s cat” experi-
ment that demolishes Mermin’s interpre-
tation. Instead of connecting a Geiger
counter to a cat-killing device, they mer-
cifully connected it to a hammer that
would fall without harm. Their strategy
was to split information about the exper-
imental result between two observers in
such a way that neither observer can
know the outcome. The observers learn
the outcome later by sharing their infor-
mation. The question is then, Did the
hammer fall at the time of the experi-
ment or later, when the observers be-
came conscious of the outcome? The re-
sult: The hammer fell when the nucleus
decayed, not later when the observers
became conscious of the outcome. I think
nearly all physicists would have pre-

dicted that. My hat is off to Carpenter
and Anderson, who reported it with a
straight face.!

Humans and their consciousness
have nothing to do with quantum phys-
ics. Photons, electrons, and the like, as
well as their states, are real configura-
tions of fields that have existed through-
out the universe since the Big Bang.”

Nevertheless, I agree with Mermin’s
title: There is no quantum measurement
problem, because quantum physics, with
no special interpretation and without a
collapse postulate, logically implies that
superpositions collapse nonlocally to a
single definite outcome.’
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ISy

ean Carroll’s July Quick Study, “Ad-

dressing the quantum measurement

problem” (page 62), brings up the
following question: Does the wave-
function still obey the Schrodinger
equation when a measurement is made?
A system being measured (or interact-
ing with its environment in any other
way) is actually a subsystem, and a sub-
system is properly described by a re-
duced density matrix. The density ma-
trix for an entire system corresponds to
awavefunction—thatis, to a pure state—
but the density matrix for a subsystem
does not necessarily correspond to a
wavefunction. The reduced density ma-
trix of a subsystem may correspond to an
impure state, also called a mixture or an
incoherent combination,! which does
not have well-defined pure-state con-
tent.? In the words of Kurt Gottfried and
Tung-Mow Yan, “systems in the real
world are rarely in pure states.”?

The proper way to discuss a measure-
ment is not using a wavefunction but
rather a reduced density matrix. The den-
sity matrix of a pure state evolves accord-
ing to the Liouville-von Neumann equa-
tion, which is equivalent to the unitary
evolution of the wavefunction by the

time-dependent Schrédinger equation.
For a subsystem (that is, for any system
except the entire universe), the reduced
density matrix evolves according to the
nonunitary Liouville-von Neumann
equation, which has an additional contri-
bution causing decoherence and dissipa-
tion.* The nature of the measurement—
or, more generally, the nature of the
subsystem—environment interaction—
selects a preferred basis, called the
pointer basis, and the subsystem deco-
heres into an effectively classical mixture
in the pointer basis. (See the article by
Wojciech Zurek, Puysics Tobay, October
1991, page 36.)
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mong Art Hobson’s and Gregory

Derry’s letters and Sean Carroll’s

July Quick Study (page 62), only
Derry’s letter addresses the point I was
trying to make in my June Quick Study
(page 62): Viewing probabilities as per-
sonal judgments eliminates the quan-
tum measurement problem and enables
one to make better sense of quantum
mechanics.

Hobson’s letter expounds his own re-
alistic view of quantum states and their
collapse. It belongs with the three exam-
ples I mention that eliminate the physi-
cist from the story.

Carroll takes what I write about the
consequences of a personalist interpreta-
tion of probability to be an example of an
epistemic interpretation of quantum me-
chanics. That misses my point.

In 1926 Max Born noted that the
content of quantum states was the prob-
abilities that they enabled one to calcu-
late. It is strange that after thus elevating
probability to a new and foundational
role, no physicists then or for the next

NOVEMBER 2022 | PHYSICS TODAY 13



CRYOSTATS
FOR THE

MRS Fall Meeting
Booth #601

Advanced
Research Systems

READERS’ FORUM

three-quarters of a century thought it
important to reexamine the meaning of
probability. For most physicists, proba-
bilities are user-independent frequen-
cies, but for most statisticians, they are
guides to action by the person who made
the probability assignment. If physicists
in 1926 had held a personalist view of
probability, it would have required them
from the very beginning to hold a per-
sonalist (“epistemic”) view of quantum
states. There would have been no need
for an “interpretation.”

I have comments on several issues
raised by Derry. Max Jammer and many
others have indeed written for over half
a century that quantum states are noth-
ing more than formal devices for encap-
sulating probabilities of observation.
But nobody before Carlton Caves, Chris-
topher Fuchs, and Riidiger Schack ever
added that if probabilities are viewed as
personal judgments of the person who
assigns them, then that same view must
be taken of quantum states.

Derry quotes Niels Bohr’s statement
that he does not “appeal to the observing
subject.” Later in that paragraph, Bohr
adds that “all subjectivity is avoided by
proper attention to the circumstances
required for the well-defined use of ele-
mentary physical concepts.”! That does
contradict my reading of the two Bohr
quotations that appear in my Quick
Study. By “experience,” Bohr must have
meant collective rather than individual
experience. I doubt that Bohr took a per-
sonalist view of probability. That Bohr,
however, was a personalist is argued in-
terestingly by Ulrich Mohrhoff.?

I quote Bruno de Finetti on “Fairies
and Witches” only to give a poetic state-
ment of the unfamiliar view of probabil-
ity that I am inviting physicists to exam-
ine. My point is that if de Finetti is correct,
then it would profoundly affect our un-
derstanding of quantum mechanics. For
me, the illumination it sheds on the in-
terpretation of quantum mechanics is all
by itself a compelling reason for adopt-
ing a personalist view of probability.

The expansion of my argument that
Derry looks forward to reading can be
found in the article of mine? cited in my
Quick Study along with the rather more
technical article* by Fuchs and Schack
that inspired mine.
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appreciate David Mermin’s letter.

There is, of course, an ongoing debate

in the philosophy of probability about
whether probability is best thought of
as objective or subjective. Experts con-
tinue to disagree, which suggests that
we might want to acknowledge a “prob-
lem” in that wider-than-quantum con-
text, even if we think we have the right
answer.

Whatever our stance is toward prob-
ability, we can still wonder about reality
(ontology). People disagree about that
too, and there are respectable but mutu-
ally incompatible possibilities—which
represents another problem.

In particular, one can be a subjectivist
about probability (as I am myself!) within
different approaches to the quantum
measurement problem. Both Everettian
and Bohmian quantum theories invoke
subjective probabilities, concerning which
branch of the wavefunction you are on
(Everettian) or the values of the hidden
variables (Bohmian), although they treat
quantum measurements differently. Tak-
ing a subjective stance toward probabil-
ity does not by itself resolve the measure-
ment problem.

Objective-collapse models, by con-
trast, sit more comfortably in (as the
name suggests) an objective picture of
probability. To the extent that such mod-
els are empirically viable, it seems wrong
to deny the existence of the quantum
measurement problem, since, again, they
address it very differently than other
models.

I'am optimistic that the quantum mea-
surement problem is solvable and will be
solved, but I am wary about prematurely
declaring victory.
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