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Weak value as an outcome of a weak measurement: 
a little history and controversy 

Weak value as a property of a single system

The concept of presence of a quantum particle
the weak value of a spatial projection operator

Outlook

Practical application novel alignment method

The two-state vector formalism



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

is a coupling to a weak value
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Weak value as a property of a single system

Weak value is more like an eigenvalue 
than like an expectation value



The weak value as a property of a single system
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C is a complete description of coupling to C at time t

intH BC

int wH BC

is a complete description at a particular time t
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at a particular time t
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System: charged particle, variable: electric field at the origin
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kThe system is pre-selected
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The system is pre-selected
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The system is pre-selected post-selectedandweak value
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Experiment
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The meaning of weak value of
spatial projection operator:
the concept of presence of a 
quantum particle
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To  be  in  A    =    to  leave  a  local  trace  in  A

Was  the  particle    in  A    or was  not?  
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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

0 0A A A
N0 0A A

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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observing  local  trace  in  AExperiment:
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observing  local  trace  in  AExperiment:
Dziewior,  Knips,  Farfurnik,  Senkalla,  Benshalom,  Efroni,  Meinecke,  Bar-­‐Ad,  Weinfurter,    Vaidman,  PNAS,  to  be  published



Before  alignment

Application  for  Alignment
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Weak value is a property of a single system at a single moment of time
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Conclusions

int ... . ..H C int ... ...wCH

Weak value of C is a complex number which can replace, in the limit of 
short period of time, operator C in the Hamiltonian

Weak value of the projection operator on a particular location 
characterizes the presence of the system there.
It describes a universal modification of all infinitesimally short  
interactions in this place.
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