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Abstract: <p>Among QM's (in)famous oddities, perhaps the most intriguing is the capability of an event that did <em>not </em>occur,
<em>could</em> have, to exert a causal effect. How can a non-event leave a trace as concrete as a detector's click? | discuss this quesit
novel insight into it offered by Cohen and Elitzur's "Quantum Oblivion" (20014). </p>

Pirsa: 16060105 Page 1/104



On Grandma Quantum's Nonexistent Wheels:
The Causal Efficacy of Quantum Non-Events and their Significance

Avshalom C. Elitzur
Ivar, The Israeli Institute for Advanced Research, Zikhron-Ya'akov, Israel
avshalom@ivar.org.il

Eliahu Cohen
Bristol University, Bristol, UK
eliahuco(@post.tau.ac.il

Outline

1. Oblivion as a Fundamental Quantum Oddity
2. Insights

3. Applications

4. Surprises

@ Copyleft — All rights reversed

Permission is granted to everyone to copy and/or use this work or any part of 1t.

Pirsa: 16060105 Page 2/104



If Grandma had Wheels, she
would be a Wagon

(Yiddish proverb)
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If Grandma had Wheels, she
would be a Wagon

(Yiddish proverb)

How 1s 1t, then, that a quantum-mechanical grandma, although
having no wheels, can sometimes outrace police cars?

Perhaps due to a less happy sign of old age — forgetfulness.




1.Oblivion as a Fundamental Quantum Oddity

Definition

Quantum oblivion is the result of an interaction, of which one or more bodies” physical
states are observably altered while the other(s) exhibit no consequence of the interaction.
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Preface: Uncertainty relations and reversibility

@ 9

Mach-Zehnder interferometer
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Preface: Uncertainty relations and reversibility
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Michelson interferometer
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Preface: Uncertainty relations and reversibility
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Preface: Uncertainty relations and reversibility
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Preface: Uncertainty relations and reversibility
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Preface: Uncertainty relations and reversibility

(No measurements by mirrors)
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Preface: Uncertainty relations and reversibility
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Preface: Uncertainty relations and reversibility
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Position measurements added

Momentum changed
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Preface: Uncertainty relations and reversibility

No click!
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Position measurements added
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Preface: Uncertainty relations and reversibility

No click!
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Position measurements added
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Preface: Uncertainty relations and reversibility

Classical thSiCSI Position measurements added

Scientia potestas est (knowledge 1s power)
(Francis Bacon)

Momentum changed
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Preface: Uncertainty relations and reversibility

ClaSSical thSiCSI Position measurements added

Scientia potestas est (knowledge 1s power)
(Francis Bacon)

Quantum mechanics:

Ignorance 1S power
(George Orwell, “7984”)
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The setting: Asymmetric interaction between two wave-functions
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Pre-interaction state

1
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Mutual IFM: Annihilation? (1)

1
v, )= dn )[R v, )= )+ )
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Mutual IFM: Annihilation? (1)
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Mutual IFM: Annihilation? (2)

el v )= L)+ |8
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Mutual IFM: Annihilation? (2)
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Mutual IFM: Annihilation? (2)
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Notice the unique role played by “counterfactual photons”

lllJ]/l), WJYZ) = %(Iemitted)ﬂneve'r emitted)
-

2 ‘R

"1
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Notice the unique role played by “counterfactal photons”

Q To reassure ourselves that this is all true, we note that
the history splits into two alternatives in a time Ar:
. L. . . |V emit) with probability AP,
The quantum-jump approach to dissipative dynamics "=y with probability 1-AP.
in quantum optics oy, A ?

L]
L]
-
)

(129)

-

-
-
-
-
- !

M. B. Plenio and P. L. Knight
Optics Section, Blackett Laboratory,. fmpena! College, L-ondon SW7 2BZ, United Kingdom

Dissipation, the irreversible loss of cncrg\ ,an.l cohcrcncr}’lrbm a microsystem is the result of coupling
to a much larger macrosystem (or reserv m() that is so ’ard,'c that one has no chance of keeping track
of all of its degrees of freedom. The mncrq‘;\slcm uuliuon is then described by tracing over the
reservoir states, which results in an lrrmcrsfblc decay @'l'. excitation leaks out of llw initially excited
microsystems into the outer reservoir cnuronmcnl Lapi'cr treatments of this dissipation used density
matrices to describe an ensemble of nucrmxﬂcnw gither in the Schrodinger picture with master
equations, or in the Heisenberg picture with La’ngc\qn equations. The development of experimental
techniques to study single quantum systems (for c\ﬁmplc single trapped iens, or cavity-radiation-field
modes) has stimulated the construction of thegmtical methods n'd\,scrlhc individual realizations
conditioned on a p'lrllcular observation recgfd b the decay cbh. nm.l These methods, variously
described as quantum-jump, Monte Carlgyfave function, an .aanfum- -trajectory methods, are the
subject of this review article. We discuss r derivation, apy em to a number of current problems
in quantum optics, and relate them to ensemble descriptions. [S0034-6861(98)00601-1]

14 Reviews of Modern Physics, Vol. 70, No. 1, January 1998 0034-6861/98/70(1)/101(44)/$23.80 © 1998 The American Physical Society 101
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No Annihilation
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No Annihilation
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No Annihilation — then what?
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Then — an odd lack of reciprocity
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Then — an odd lack of reciprocity
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Third Law of motion

21

Pirsa: 16060105 Page 37/104



Then — an odd lack of reciprocity
i.e., quantum oblivion
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The critical interval

‘wmf) - %(’Le' >+ ’R:f >)(’Le‘ >+ ’RE' >)
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The critical interval prior to quantum oblivion

|Wintervar) = Fl|Le+ )(1Lem)+Rem))+|Res) Re-)]
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The critical interval prior to quantum oblivion

|Wintervar) = Fl|Le+ )(1Lem)+Rem))+|Res) Re-)]

4

Vs uperposit iun)

- (Y R P, )+ R,

lembedded entanglemeni
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The critical interval prior to quantum oblivion

|Wintervar) = Fl|Le+ )(1Lem)+Rem))+|Res) Re-)]

» A

w i + :
d)superpos:tmn) = € localized € superposed

- (Y R P, )+ R,

lembedded entanglemeni = enfangled state
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The critical interval prior to quantum oblivion

|Wintervar) = Fl|Le+ )(1Lem)+Rem))+|Res) Re-)]

» A

it e localized

- (Y R P, )+ R,

1gled + non-entangled state
i . 1 ‘ ‘
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The critical interval prior to quantum oblivion

|Wintervar) = Fl|Le+ )(1Lem)+Rem))+|Res) Re-)]

non-entangled state
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The critical interval and high-order entanglement

A. Zeilinger, M.A. Horne and D.M. Greenberger, Higher-order quantum entanglement, in
"Squeezed States and Quantum Uncertainty"”, D. Han, Y.S. Kim, W.W. Zachary (Eds.), NASA
Conference Publication 3135, National Aeronautics and Space Administration, (1992).

G. Krenn, and A. Zeilinger, Entangled entanglement, Phys. Rev. A 54 , 1793 (1996).

Superposition and entanglement can be embedded within complex states, such that measurement
(“collapse™) gives a superposed/entangled state.

24

Pirsa: 16060105 Page 47/104



Oblivion: Just an interesting rare interaction?

No, rather a ubiquitous ingredient of all quantum measurements!
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Oblivion: Just an interesting rare interaction?

No, rather a ubiquitous ingredient of all quantum measurements!

O/ For a detector to receive Q

momentum from the photon,
It must have
a precise (0)
momentum,
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Oblivion: Just an interesting rare interaction?

No, rather a ubiquitous ingredient of all quantum measurements!

Q/ For a detector to receive \9

momentum from the photon,

It must have
a precise (0)  Hence its position
momentum, must be uncertain!
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This, then, 1s quantum position measurement:

O For a detector to receive Q
momentum from the photon,

It must have
a precise (0)  Hence its position
momentum, must be uncertain!

28 0
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This, then, 1s quantum position measurement:

Part of the measured object’s wave-function

0 For a detector to receive Q
momentum from the photon,

It must have
a precise (0)  Hence its position
momentum, must be uncertain!
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This, then, 1s quantum position measurement:

Part of the measured object’s wave-function
interacts with all the probe’s wave-function

0 For a detector to receive Q
momentum from the photon,

It must have
a precise (0)  Hence its position
momentum, must be uncertain!

28 0
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This, then, 1s quantum position measurement:

Part of the measured object’s wave-function
interacts with all the probe’s wave-function

Q Mirror’s momentum gain is
recorded, leaving its position
,{.
b unknown.

» &
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This, then, 1s quantum position measurement:

Part of the measured object’s wave-function
interacts with all the probe’s wave-function

measurement

Q Mirror’s momentum gain is
recorded, leaving its position
~
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This, then, 1s quantum position measurement:

Part of the measured object’s wave-function
interacts with all the probe’s wave-function

measurement

Q Mirror’s momentum gain is
recorded, leaving its position
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This, then, 1s quantum position measurement:

Part of the measured object’s wave-function
interacts with all the probe’s wave-function

measurement

Q Mirror’s momentum gain (0) 1s
recorded, leaving its position
unknown.

30 0
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This, then, 1s quantum position measurement:

Part of the measured object’s wave-function
interacts with all the probe’s wave-function

Interaction-free measurement

Q Mirror’s momentum gain (0) 1s
recorded, leaving its position
unknown.

30 0
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The critical interval
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The critical interval
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I[FM (Reninger, 1953 ; Dicke, 1981; Elitzur & Vaidman, 1993)
and IFM + Zeno ( Kwiat ef al. 1995) Revisited

D2 .
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// * Single photon \y Photon removed
(H-polarized) 1 after N cycles
I -
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I[FM (Reninger, 1953 ; Dicke, 1981; Elitzur & Vaidman, 1993)
and IFM + Zeno ( Kwiat ef al. 1995)
— which interpretation?

Myt
Copenhagen (information) Quantum Oblivion

33
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I[FM (Reninger, 1953 ; Dicke, 1981; Elitzur & Vaidman, 1993)
and IFM + Zeno ( Kwiat ef al. 1995)
— which interpretation?

Copenhagen (information) Quantum Oblivion

You gained* information from the detector’s
silence, right?

*or could gain

33
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I[FM (Reninger, 1953 ; Dicke, 1981; Elitzur & Vaidman, 1993)
and IFM + Zeno ( Kwiat ef al. 1995)
— which interpretation?

Copenhagen (information) Quantum Oblivion

You gained* information from the detector’s
silence, right?

Then reality has changed accordingly.
Nothing more to it!

*or could gain

33
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