Title: Quantum Knowledge
Date: Oct 01, 2009 11:00 AM
URL: http://pirsa.org/09100089

Abstract: It's been suggested that &quot;decoherence explains the emergence of a classical world&quot;. That is, if we believe our w
guantum, then decoherence can explain why it LOOKS classical. Logically, this implies that without decoherence, the world would not
classical. But... what on earth WOULD it look like? Human beings seem incapable of directly observing anything &quot;nonclassical&quot
show you how a hypothetical quantum critter could interact with, and learn about, its world. A quantum agent can use coherent measuren
gain quantum knowledge about its surroundings. They can use that quantum knowledge to accomplish tasks. Moreover, clumsy classical
(like me!) could identify quantum agents (and prove that they are using quantum knowledge), because they outperform all classical age
explain the remarkable new perspective on quantum states that comes from thinking about quantum knowledge, and I'll argue that it's ¢
perspective by showing you two concrete applications derived from it.
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® | have a problem with
quantum mechanics.
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® | have a problem with ® | have a problem with
quantum mechanics. decoherence.

e Could “events” be contingent rather than necessary?’

i.e., do measurements have to have definite outcomes’
Or is the experience of definite events a product of how we
are designed -- rather than a universal truth about every observer?

Pirsa: 09100089 Page 7/171

I



Outline

® | have a problem with ® | have a problem with
quantum mechanics. decoherence.

e Could “events” be contingent rather than necessary?’

i.e., do measurements have to have definite outcomes’
Or is the experience of definite events a product of how we
are designed -- rather than a universal truth about every observer?

¢ Coherent Measurements

ar. a device that gathers
informagon withourt collapse

Pirsa: 09100089 Page 8/171

]



Outline

® | have a problem with ® | have a problem with
quantum mechanics. decoherence.

® Could “events” be contingent rather than necessary’

L.e., do measurements have to have definite outcomes’
Or is the experience of definite events a product of how we
are designed -- rather than a universal truth about every observer?

® Coherent Measurements ¢ Quantum Knowiedge

or. 2 device that gathers or. a device that wins bets
informanon withourt collapse using quantum information

Pirsa: 09100089 Page 9/171

b=



Outline

® | have a problem with ® | have a problem with
quantum mechanics. decoherence.

® Could “events” be contingent rather than necessary?’

L.e., do measurements have to have definite outcomes’
Or is the experience of definite events a product of how we
are designed -- rather than a universal truth about every observer?

® Coherent Measurements ¢ Quantum Knowledge * A Quantum Agent
or. a device that gathers or. a device that wins bets or. adaptive guantum data
informauon without collapse using quantum informaticn compression via coherent

state estimagon.

Pirsa: 09100089 Page 10/171

e









Outline

® | have a problem with ® | have a problem with
quantum mechanics. decoherence.

® Could “events” be contingent rather than necessary?’

..e., do measurements have to have definite cutcomes’
Or is the experience of definite events a product of how we
are designed -- rather than a universal truth about every observer?’

® Coherent Measurements ¢ Quantum Knowledge * A Quantum Agent
or. a device that gathers or. a device that wins bets or; adaptive quantum data
information without collapse using quantum information compression via coherent

state estimaton.
® A new perspective on gquantum states [of knowledge]:
Quantum quantum states’

Pirsa: 09100089 Page 13/171

I



Outline

® | have a problem with ® | have a problem with
quantum mechanics. decoherence.

e Could “events” be contingent rather than necessary?’

..e., do measurements have to have definite outcomes’
Or is the experience of definite events a product of how we
are designed -- rather than a universal truth about every observer?

® Coherent Measurements ¢ Quantum Knowledge * A Quantum Agent
or. a device that gathers or. a device that wins bets or. adaptive guantum data
informauon without collapse using quantum information compression via coherent

state estimaton.
® A new perspective on quantum states [of knowledge]:
Quantum quantum states’

Pirsa: 09100089

® Conclusions: Why does this matter?

Page 14/171

e



My First Problem

® | have a problem with |
gquantum mechanics. |

Pirsa: 09100089



Pirsa: 09100089

Outline

Page 16/171

= |



Outline

® | have a problem with ® | have a problem with
quantum mechanics. decoherence.

® Could “events” be contingent rather than necessary?’

i.e., do measurements have to have definite outcomes’
Or is the experience of definite events a product of how we
are designed -- rather than a universal truth about every observer?’

® Coherent Measurements ¢ Quantum Knowledge * A Quantum Agent

or, a device that gathers or. a device that wins bets or. adaptive quantum data
information withourt collapse using quantum information compression via coherent
state estimaton.

® A new perspective on quantum states [of knowledge]:
Quantum gquantum states’

Pirsa: 09100089 Page 17/171

b



Outline

® | have a problem with ® | have a problem with
quantum mechanics. decoherence.

® Could “events” be contingent rather than necessary?’

L.e., do measurements have to have definite outcomes’
Or is the experience of definite events a product of how we
are designed -- rather than 2 universal truth about every observer?’

® Coherent Measurements ¢ Quantum Knowiedge * A Quantum Agent
ar. a device that gathers or. a device that wins bets or, adaptive guantum data
information without collapse using quantum information compression via coherent

state estimadon.
® A new perspective on gquantum states [of knowledge]:
Quantum quantum states’

Pirsa: 09100089,

® Conclusions: Why does this matter?

Page 18/171

fead



My First Problem

® | have a problem with |
quantum mechanics. |

Pirsa: 09100089



My First Problem

® | have a problem with
quantum mechanics.

f‘_::;
Unitary

® Two elegant theories...

Events




My First Problem

® | have a problem with
quantum mechanics.

® Two elegant theories...

e __ with no physical content...

f"""f"—; [ —
¢ Uniary 2 ‘5;.;




My First Problem

® | have a problem with
quantum mechanics.

® Two elegant theories...

I e __with no physical content...
@ — ; e _bolted together by Born’s
& rule to make a very
I.ﬁ‘_ - Umtary Events ‘ successful but ugly theory.
S _
i |
_u_;

Pirsa: 09100089 Page 22/171




My First Problem

® | have a problem with ® Two elegant theories...
quantum mechanics.

e __.with no physical content...

r = —_— ® _bolted together by Born’s
—~ Umtary @ rule to make a very
‘lli\'\ o Events g successful but ugly theory.
| | |

(|1“‘?~

Pirsa: 09100089 Page 23/171



My First Problem

® | have a problem with ® Two elegant theories...

quantum mechanics.

e __ with no physical content...
— ; ® _ bolted together by Born’s
rule to make a very
Events

‘ I‘Q \ | ‘ successful but ugly theory.

® Events (definite outcomes)
necessary to fit experience &
make predictions...

Pi Page 24/171




My First Problem

® | have a problem with ® Two elegant theories...

quantum mechanics. =

N

Pi

..with no physical content...

...bolted together by Born’s
rule to make a very
successful but ugly theory.

Events (definite outcomes)
necessary to fit experience &
make predictions...

...but now our fundamental
theory is formulated in terms
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My Second Problem

—

D__qcoherence ® | have a problem with
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Appea rance

of a Classical World e If our world is quantum,
in Quantum why does it look classical?
Theory

® “Decoherence”

e So... without decoherence
..what would it look like?

e “Wed see the wavefunction!”

® “Nothing. The same mechanisms
cause decoherence & observation™

® “Very dark, but still classical”
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Resolving My Problems

® |et’s seriously investigate what the world would
“look like” in the absence of decoherence.

® Some obstacles to asking this question:

|. You and | are very badly adapted to such a world
Solution: Consider perceptions of well-adapted alien critters

2. How can we know what an alien critter “perceives” or knows!’
Solution: Behaviorism -- infer knowledge from actions

3. But how can we observe them, or trust our own observation’
Solution: Fall back on events + Born's rule eventuadily.
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without perceiving any events’

Page 37/171



irsa: 09100089

Conclusions

|. Do “measurements’ or “observations’ have
to yield definite outcomes (events)’

2. Or could a different -- possibly better --
kind of critter learn about its surroundings

without perceiving any events’

1. No 2. Yes

Page 38/171



irsa: 09100089

Conclusions

|. Do “measurements’ or “observations’ have
to yield definite outcomes (events)’

2. Or could a different -- possibly better --
kind of critter learn about its surroundings

without perceiving any events’

1. No 2. Yes

3. Let me summarize this using popular culture...
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This is me.

You
are in
The Matrix.
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What would it take...

...to convince you that you're in the Matrix?

|. Seeing the wavefunction directly!
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What would it take...

...to convince you that you're in the Matrix?

Don't be ridiculous.

2. Realizing you have superpowers!
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Sorry. You're not Neo.




What would it take...

...to convince you that you're in the Matrix?

Don'’t be ridiculous.

2
No. Sorry.

3. Seeing somebody else with superpowers!









What would it take...

...to convince you that you're in the Matrix?

Don’t be ridiculous.
2. _
No. Sorry.

3.

Nope. Wrong universe.

4. Proof that, in a gedanken-universe much like ours,
there are agents with superpowers. Hmm...
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So, | am going to show you
that in a decoherence-free universe,
agents that interact with their surroundings coherently
-- in ways inconsistent with the experience of collapse --
outperform classical agents.

mANd | Will conclude that our experience of events.....

te ™ At ant ascrtrdart ~f caidrara vaies caseshianst



Three Examples

|. A device that learns about its surroundings without
definite outcomes: coherent measurement.

2. A device that wins bets using a quantum
reference frame: quantum knowledge.

3. A device for adaptive data compression -- that learns
about its surroundings and decides how to deal with
them, without events: 2 quantum agent.
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Preemptive Clarifications

(in case you are angry, confused, or disagreeable)

® A measurement is an interaction between an agent and a system
that results in the agent gaining knowledge.

e Knowledge is a resource (with units of information) that an agent
can use to make good decisions w/r.t. some system.

® An agent is a simple math model of a critter that captures some
essential feature of human experience and/or behavior.

® An agent’s decision w/r.t. a system is an interaction between the
agent and the system -- intended to accomplish some task.

® A good decision is one that accomplishes the task with relatively
high probability, or gains relatively high [expected] utility.

® “Expected utility” and “high probability” refer to an observation
that 1 (clunky, classical me) will make in the distant future.
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State Discrimination

Were these N qubits were prepared in (v') or|o)? W@

TETTTTT - -

e Observation: if we had a quantum computer, we could
solve the problem with one-at-a-time interactions.
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e Observation: if we had a quantum computer, we could
solve the problem with one-at-a-time interactions.

————" N qubits were prepared in V) or|o)? =
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e Observation: if we had a quantum computer, we could
solve the problem with one-at-a-time interactions.
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e Observation: if we had a quantum computer, we could
solve the problem with one-at-a-time interactions.

e _ but this is cheating, and not really easier at all.

Pirsa: 09100089 Page 72/171



Coherent Measurements

Could we do this with a smaller quantum computer? w @
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® Yes! Just one qubit of memory is sufficient.
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Coherent Measurements

Could we do this with a smaller quantum computer? w @

ALY

® Yes! Just one qubit of memory is sufficient.

® Why? Span (lvvw...).looo...)) is 2-dimensional.
So at the nth Step, our QC (agent) performs a
U, that rotates spm( ) i ) ) into memory.
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® Yes! Just one qubit of memory is sufficient.

® Why? Span(|vve...).looo...)) is 2-dimensional.
So at the nth step, our QC (agent) performs a
U, that rotates Span( )= | o) --‘7-”) into memory.
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Coherent Measurements

Could we do this with a quantum computer? W @

® Yes! Just one qubit of memory is sufficient.

® Why? Span(|vve...) . |ooo...)) is 2-dimensional.
So at the nth suap, our QC (agent) performs a
U, that rotates Sp m( )" .|o)”" ) into memory.
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* Why? Span (|[vvw...) . |looo...)) is 2-dimensional.
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Coherent Measurements
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® Why? Span (jvvwe...).|ooo...)) is 2-dimensional.
So at the nth Step, our QC (agent) performs a
U, that rotates Sp: m( ) R 1\ ) INnto memory.
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® Why? Span (jvve...).|ooo...)) is 2-dimensional.
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Pirsa: 09100089 Page 82/171

23



Coherent Measurements
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® Yes! Just one qubit of memory is sufficient.

omputer? w @

® Why? Span (jvvw...).|ooo...))is 2-dimensional.
So at the nth sceP, our QC (agent) performs a
U, that rotates Sp: m( ) =", | ) INnto memory.
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® Yes! Just one qubit of memory is sufficient.

® Why? Span (|vvw...).|ooo...)) is 2-dimensional.
So at the nth Step, our QC (agent) performs a
U, that rotates apm( )= |0 ) into memory.
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Coherent Measurements

Could we do this with a smaller quantu puter? w @

0000000

® Yes! Just one qubit of memory is sufficient.

® Why? Span (jvve...).|ooo...))is 2-dimensional.
So at the nth step, our QC (agent) performsa

U, that rotates Span (|v)*" . |0)" } into memory.

, s
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Coherent Measurements
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® Yes! Just one qubit of memory is sufficient.

® Why? Span(|vvw...) . |ooo...)) is 2-dimensional.
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Coherent Measurements

Could we do this with a smaller quantu puter? w @

0000000

® Yes! Just one qubit of memory is sufficient.

® Why? Span(|lvvw...).looo...)) is 2-dimensional.
So at the nth Step, our QC (agent) performs a
U, that rotates Span (|¢)"" . [0 ) into memory.

¢ Quantum measurement = unitary interaction,
followed by amplification/decoherence/collapse.
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Coherent Measurements

Could we do this with a smaller quantu puter! @

: 09100089 .

0000000

Yes! Just one qubit of memory is sufficient.

Why? Span (lvve...) . looo...)) is 2-dimensional.
So at the nth step, our QC (agent) performs a
U, that rotates ":pan( )®™ | |o ) into memory.

Quantum measurement = unitary interaction,
followed by amplification/decoherence/collapse.

Coherent measurement = same, but skip collapses=



Quantum Knowledge
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Betting & Knowledge

The whole point of a measurement is to
improve my knowledge -- “gather information”.

But what is the use of knowledge?’

Knowledge
==> prediction
==> winning bets.

So a better measurement...
...should yield better knowledge...
...which will let you win more bets.
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A Simple Game

® | have a bag of spins, all prepared in
the same (unknown to you) pure state.
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A Simple Game
g

BET
| have a bag of spins, all prepared in

the same (unknown to you) pure state.

| pluck one out.
You pick a 2-outcome projective measurement.

We bet on the outcome, at even odds.
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A Simple Game
g

BET
| have a bag of spins, all prepared in

the same (unknown to you) pure state.

| pluck one out.
You pick a 2-outcome projective measurement.
We bet on the outcome, at even odds.

How often can you win this bet?
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A Simple Game
g

BET
| have a bag of spins, all prepared in

the same (unknown to you) pure state.

| pluck one out.

You pick a 2-outcome projective measurement.
We bet on the outcome, at even odds.

How often can you win this bet?

® 50% of the time.
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