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The goal: a consistent concept of presence of a quantum particle in the past



A pre and postselected particle:

Where it was?

Experimental demonstration

What type of presence it had?

OUTLOOK
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Where was a pre- and post-selected particle?



The two-state vector formalism of quantum mechanics

The pre- and post-selected particle 

is described by the two-state vector
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Any coupling of a system described by            

to a variable O for a short enough time
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Where was a pre- and post-selected particle?

In the overlap of the forward and backward evolving wave functions
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All interactions are local All particles have nonzero local interactions

To be in A
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Where was a pre- and post-selected particle?



A

To be in A  =  to leave a local trace in A

Was the particle  in A  or was not? 
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P
PWeak value of the local projection operator 

is the description of the presence of a quantum particle in a particular place in the past 

tells us how  the trace in A is modified 
relative to the trace of a particle well localized in A
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Not to be in A

tells us how effects of all weak (or short) 
interactions in A are modified
relative to the effects of a particle well localized in A
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What type of presence the particle had?
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observing local trace in AExperiment:
Dziewior, Knips, Farfurnik, Senkalla, Benshalom, Efroni, Meinecke, Bar-Ad, Weinfurter,  Vaidman, PNAS, 116 288 (2019)
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The particle is the measuring device

analyzer

observing local trace in AExperiment:
Dziewior, Knips, Farfurnik, Senkalla, Benshalom, Efroni, Meinecke, Bar-Ad, Weinfurter,  Vaidman, PNAS, 116 288 (2019)



x x x→ +
y y yp p p→ +

→+ 

A

0

( )( )0 A w
D   ⊥+ PN'( )( )0' A w

D   ⊥+ P'N''

B

sin cosiIN e B A → +

( )
1

2
B A D+ →

analyzerD

IN

( ) 0sin cosie B A  +

0IN

( )0 0sin cosie B A    ⊥+ +N

The particle is the measuring device
( ) 2

1 tan

1 tan 2 tan cos

i

A w

e  

   

+

+ +
=P

tan 1.33 =

0.990 =

( )0 0A A A
   ⊥→ +N

To be with “presence” ( )A w
PTo be well localized in A

( )( )0 0A A AA w
   ⊥→ + PN'

x x x→ +

y y yp p p→ +

→+ 

( )Re A w
x x x→ + P ( ) ( )

2
Im2x x A wxp p p x→ +  P

( )Rey y yA w
p p p→ + P ( ) ( )

2
Im2 yA w

y y y p→ −  P

( )Re A w
→+ P ( )Im A w

→ + P

observing local trace in AExperiment:
Dziewior, Knips, Farfurnik, Senkalla, Benshalom, Efroni, Meinecke, Bar-Ad, Weinfurter,  Vaidman, PNAS, 116 288 (2019)



( )( )0 0A AA wA
   ⊥→ + PN

yp

y

( ) 0sin cosie B A  +

( )
1

2
B A D+ →

x

xp



( )A w
P

tan 1.33 =

0.990 =

x yp 

0IN 



analyzer
analyzer

observing local trace in AExperiment:
Dziewior, Knips, Farfurnik, Senkalla, Benshalom, Efroni, Meinecke, Bar-Ad, Weinfurter,  Vaidman, PNAS, 116 288 (2019)



Where it left a local trace

describes the presence in A for a spatially 
pre- and postselected systems( )A w

P
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Summary

All weak interactions in A are modified in the same way:
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A pre and postselected particle:
Where it was?

In the overlap of forward and backward evolving states 

What type of presence it had?


