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Classical theory

Mechanics

Bits

Restricted Statistical
theory for the classical
theory

Statistical theory for
the classical theory

Liouvile mechanics Restricted Liouville mechanics

= Gaussian quantum mechanics

Statistical theory of bits Restricted statistical theory of bits

Stabllizer theory for qubits

Statistical theory of trits Re

I\

= Stabilizer theory for qutrits
Statistical optics

Restricted statistical optics
= inear quantumn optics

estricted statistical theory of trits
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Restricted Liouville mechanics
= Gaussian Quantum Mechanics
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What s a good epistemic restriction to apply?

-- [ook to quantum mechanics
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Whatis a good epistemic restriction to apply?
-- look to quantum mechanics

Quantum mechanics
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Uncertainty principle Uncertainty principle
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Whatis a good epistemic restriction to apply?

-- look to quantum mechanics

Uncertainty principle
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What is a good epistemic restriction to apply?
-- look to quantum mechanics

Uncertainty principle

Uncertainty principle
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Liouville mech:
Assume
The classical uncertainty principle (for a single particle in 1D)

The only Liouville distributions that can be prepared are those that
satisfy

A:?;!.‘A:{,p — C* > (h .f’f‘f):}

el

and that have maximal entropy for a given se

set of second-order
moments.
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The Wigner)

Phase point operators
o e =1 e
A(z,p) = 57, |

Wiagner representation of an operator O
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T YV e i o i o o e S o s d e
'he Wigner representatiol

Phase point operators
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Phase point operators
- S 1o My
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Wigner representation of an operator O
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Valid pure epistemic state

These correspond to the Wigner representations of the pure squeez:

eezed

states in quantum mechanics
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Valid pure episten
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ates in quantum mechanics

Page 22/69
Pirsa: 12010046



Pirsa: 12010046

all functions on
phase space
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e episiemic

stat
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ity distnbutions on phase space)

|l pure quantum states
(Wigner distributions on

phase space)
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The group of canonical transformations with quadratic Hamiltonian

Only canonical transformations preserve the uncertainty principle
Only quadratic Hamiltonians preserve the gaussianity
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The group of canonical transformations with quadratic Hamiltonian

Only canonical transformations preserve the uncertainty principle
Only quadratic Hamiltonians preserve the gaussianity

= These correspond to the Wigner representations of the unitaries
associated with these Hamiltonians

e_g_ 1)_.!.0‘!)0 —CE "'"Uf —1pp-A
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Liouville mechanics w

Assume:
The classical uncertainty principle (for a single particle in 1D)

The only Liouville distributions that can be prepared are those that
satisfy

A2z A2

and that have maximal entropy for a given set of second-order
moments.

Among u(x,p) with a given set of second-order moments Gaussian
distributions maximize the entropy
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The group of canonical transformations with quadratic Hamiltonian

Only canonical transformations preserve the uncertainty principle
Only quadratic Hamiltonians preserve the gaussianity

= These correspond to the Wigner representations of the unitaries
associated with these Hamiltonians

e.g. [).'l.'o,po = ¢~ *0/ ~tpp X
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The group of canonical transformations with quadratic Hamiltonian

Only canonical transformations preserve the uncertainty principle
Only quadratic Hamiltonians preserve the gaussianity

ese correspond to the Wigner repres
associated with these Hamiltonians
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Use a generalization of the uncertainty principle for multiple systems
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Use a generalization of the uncertainty principle for multiple systems
or.

Allow all products of valid epistemic states

Allow canonical transformations with quadratic Hamiltonians on these

Know X4 and Pp

(Ta,pa) Xo0(xy —a)

£

Wep.pp) x o(xg —b)
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Use a generalization of the uncertainty principle for multiple systems
or.

Allow all products of valid epistemic states

Allow canonical transformations with quadratic Hamiltonians on these

PA =7 PA
Know X4 and Pp

(A, pa) X 6(cy —a)

£

Mg, pp) x6(xg —b)
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Q: How can one characterize the set of variables that can be jointly known?

A: They commute relative to the Poisson bracket!

Configuration space

Phase space
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How can one characterize the set of variables that can be jointly known?

They commute relative to the Poisson brz

[F,G](m) = (259G _ 9F JG

OAX OF P )X

Recall

A canonically conjugate pair  [£, (] =

eg. {X1, P}, {X5, P>}, and
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Q: How can one characterize the set of variables that can be jointly known?
A: They commute relative to the Poisson bracket!
Configuration space

Phase space Y

Functionals on phase space

X(m) ==z
P(m)=1p

Poisson bracket of functionals

[F, G](m) = (8595 — 959G (1)

OXOP — OPOX
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How can one characterize the set of variables that can be jointly known?

(3

They commute relative to the Poisson bracket!

[[;‘.(r'J(IH) - (f-”-{”'; or [, -

OX O} P

Recall

A canonically conjugate pair  [F, G] =

e.g. {/\'1,/)1}. {.\'j-‘/)j-} and {X

A commuting pair [F,G] = 0

e.g. 1X1, X2}, { X1, P2}, and {X; — X5, P; + P>}

Canonical transformations preserve the Poisson bracket
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How can one characterize the set of variables that can be jointly known?

They commute relative to the Poisson bracket!

[F, Gl(m) = (§%5% — 9596

OoX P P X

Recall

A canonically conjugate pair  [[, G] =

e.g. {X1, A1}, {X2, P2}, and {X;

Pirsa: 12010046 Page 41/69



How can one characterize the set of variables that can be jointly known?

They commute relative to the Poisson bracket!

[[". (:'J(;”) (ri_[--_,” r A F

oX OP 7] =

Recall

A canonically conjugate pair

e.g. {X1,P1}, {Xa, P

A commuting pair [F,G] = 0

e.g. {X1, X2}, {X1, P>}, and {X;
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'he Wigner

I\

For a pair of systems

‘1'/"(.'1. ] f”!
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Gaussian Quantum Mechanics

= States with Gaussian Wigner rep'ns (a k.a squeezed states)
+ Measurements with Gaussian Wigner rep'ns

+ Transformations that preserve Gaussianity of states

Epistemically-restricted Liouville mechanics

—

= Gaussian quantum mechanics in the Wigner representation
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But this would violate the

epistemic restriction!
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“bit mechanics”

Configuration space

Phase space: 2 = (Z5)<"

Functionals on phase space
.\';‘.(m) = Iy
Pi.(m) = p,
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"bit mechanics”

Configuration space: (-
Phase space: $2

Functionals on phase space
_\';‘.(m ) T

Pr(m) = p,
Poisson bracket of functionals

[F,Gl(m) = £y (Flm + e
(‘{ [.HF ——

1
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A single bit

Canonical variables
aX -+ bFP
X, P, X+ P
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A single bit

Canonical variables
aX -+ bFP a.
X, P, X+ P
Statistical distributions

X known P known

‘ \I. 1
0

X 1
0
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Nothing known
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A single bit

Canonical vanables

aX + bP a,.

X, P X+ P
Statistical distributions

X known % 2 known
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Convex combination
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The possible epistemic stz
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A pair of 2-cycles
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- inreilvlas e
Reversible tra

Pairs of 2-cycles

Symmetries of the
tetrahedron under
rotations and
reflections
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Find U such that |1)=U|0
Find all U’ such that (U')2=U
U'|0) = superpos'n of |0) and |1
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Coherent superpositior
Find U such that |1)=U|0 Find P such that
Find all U’ such that (U')2=U Find all P' such that (P')2
U'|0) = superpos'n of |0) and |1 P'( = superpos'n of
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Find U such that |1)=U|0 Find P such that
Find all U’ such that (U’)2=U Find all P' such that (P')?

U'|0) = superpos’n of |0) and |1 P'( =) = superpos'n of
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The way to understand EPR

are precisely analogous to how
Liouville mechanics
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The way to understand EPR steering and the collapse rule
are precisely analogous to how it is done in restricted
Liouville mechanics
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