Title: How should any quantum measuring instrument (including a quantum computer) work?
Date: May 10, 2006 04:00 PM
URL: http://pirsa.org/06050005

Abstract: We will look at the axioms of quantum mechanics as expressed, for example, in the book by M. A. Nielsen and I. L. Chung ("Qui
Computation and Quantum Information”). We then take a critical look at these axioms, raising several questions as we go. In particular, we w
at the possible informational completeness property of the family of operators that we measure. We will propose physical solutions based
results of quantum mechanics on phase space and the measurement of quantum particles by quantum mechanical means. We illustrate this
momentum-position measurements and spin measurements.
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Qutline:

1) Axioms of Quantum Mechanics (from
"Quantum Computation and Quanitum
Information” by M. A. Nielsen and I. L.
Chuang).

2) A critical look at the axioms.

3) A partial solution to the questions that
arose.
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Axiom 4) A compasite system of states
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dim(spin space) = 2. What about the position
and momentum p of the particle?

In Hilbert space H. take a couniable basis;

expand any wave function. Truncate. p and g

take you out of this basis.

There is no finite basis providing a
representation of the c.cr.'s.

Question 1) What is a basis on which to
choose {o truncate?

On Axiom 2) The dynamics of a particle in a
closed quantum system is given by a unitary

operator on phase space. Given any state

"localized within a certain region of phase
space” it may have a slow wave packet
spreading, and then we may concentrate on
the spin by taking the pariial trace. We may
not get "any unitary operator” this way.

Question 2) How can we "localize the
particles in a region™?

Question 3) Which (unitary?) operators are
allowed?
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Question 4) Given that you don't have
projections in the game, are some or all of the
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of quantum computing. or - - - valid? How will
we proceed with positive operators?

On Axiom 3 (contin.)) If M, is a positive

operator, then 3(a) remains the same. 3b) is
occasionally wrong. What if the experiment
destroys the state, for example?

Question 5) Can we compute the "resulis”

based on a) probabilities, b) dynamics alone?

Definition e will take a set of operators {Ax;
to be informationally complete if. whenever
p and p' are density operators, then
Tr{pAdz) = Tir(p A.) for all a implies
P=pP-

1
TI
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A Possible Solution coming
from Quantum Mechanics
on Phase Space

Via Wigner, we treat quantum mechanics on

phase space as coming from the Poincars (or
Galilei) group and then derive the phase
Spaces, irreducible representations, etc. as

1 coming from the group itself. The following
definition is one non-surprizing result. See
F_.E. Schroeck, Jr.. Quantum Mechanics on
Phase Spaggf‘i 996, Kluwer Academic Pubs.

Definition /o Theor

em) in relativistic quantum
mechnics, the ph

ase space for massive
spinning particle is R3 @ R? @ 5( 2). For
massive, spin zero particle — R @ R
R* @ R3 denotes the momentum spa

ce
limes position space- S (2) is

fize spin space.
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Note that we have written just the transition
probability for v with U(p. g)n7 integrated over
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(Without generating any problems, you may
replace 47(zx,.a,) with 47(7),

fe L'(R®) N L=(R®), freal valued.)

As a function of either Za=a, OT f, these 47s
are informationally complete. form a set of
positive operators, and take the value 1 as

f — 1. (There are some conditions on n here.)

When you spectrally decompose 47(xx,«.)
you find that (i) the spectrum is purely
discrete whenever A; x A; is compact, and i)
orderning the spectrum in decreasing order,
the eigenvalues begin just below 1, and then
drop off precipitously to just over 0. We will
take "the vectors in A; x A-" to be the
eigenvectors that have eigenvzalues close to
E

This answers questions 1, 2 and 6!
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By comparison, if we were to try to localize
just in terms of position (or momentum), a)
we would not start with informational
completeness and b) we would not get any
discrete spectrum at all. This phase space
ocalization is much different.

To answer questions 3 and 4, we first look at
the full phase space (momentum, position.
and spin) on which we have some
Hamiltonian dynamics. Then we will take the
projection of that unitary operator onto the
part of phase space being considered, and
then take the partial trace to get what we
nNave to discuss for 3 theory based on just
momentum, or just position, or just spin. We
don’t get a unitary dynamics by this means.

Alternatively, we may expand the Hamiltonian
dynamics in terms of the igenbasis we
obtained from localizing; then truncate the
basis; and then look at the relevant variables
for the experiment by marginality. Again we
won't get a unita erator.




How far do the operators we get diverge from
the measurement of uniiary operators? Well,
for the position and momentum, we don’t get
much divergence in general practically




How far do the operators we get diverge from
the measurement of unitary operators? Well.,
for the position and momentum, we don’t get
much divergence in general practically
speaking, since Planck’s constant is small.
The spin is a different story. You can only
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