
Fabrizio Piacentini
INRIM - Istituto Nazionale di Ricerca Metrologica, Torino (IT)

FP7: BRISQ2
Premiale

«Q-SecGroundSpace»

Seed «GeQuM»



Weak measurements

Pre-selected state:

Post-selected state:

In the weak interaction

regime approximation:

and  h  
canonically
conjugated

Von Neumann coupling between an observable

and a pointer observable      :

Weak value:

Weak measurements [Aharonov et al., PRL 60 (1988)]: little information is extracted 

from a single measurement, but the state does NOT collapse.

Projective measurement (post-selection on       ): 



Some interesting properties:

is a complex number

is unbounded!

Weak measurements

 Metrology: 

 Amplification of measurement of coupling strength, without amplifying unrelated 

noise [Boyd et al.]:

• Light beam displacement [Kwiat et al.]

• Angular deflection [Dixon et al.]

 Foundations of Quantum Mechanics: 

 Measurement of incompatible observables on the same particle [Mitchinson et al.]

 Tests of Quantum Contextuality [Pusey]

 Hints on Quantum Mechanics interpretations [TSVF, Aharonov et al., …]



Weak measurement implementation

We measure the position observable ,  

canonically coniugated to the pointer observable

Birefringent

crystal Polarizer



WMs and Quantum Contextuality



WMs and Quantum Contextuality

Non-Contextual Hidden Variable Theory: ontological model of an operational theory

where, if two experimental procedures are operationally equivalent, then they have

equivalent representations in such model [Spekkens, PRA 71 (2005)].

The measurement outcome depends only on the Hermitian operator associated with

the measurement, not on the ones measured simultaneously with it: each observable

has a predetermined value, independent of the context.

Question: Can Weak Values be a signature of Quantum Contextuality?

Answer: Yes! But only under specific conditions [Pusey, PRL 113 (2014)].



WMs and Quantum Contextuality

No non-contextual model satisfying outcome determinism for sharp measurements



Setup



Condition 4: non-contextual bound violation

    units 



WM and Contextuality: final check

No non-contextual model allowed: weak measurements proved Quantum Contextuality



Sequential Weak Measurements



Joint and sequential weak measurements

Weak values «challenge one of the canonical dicta of QM: that non commuting

observables cannot be simultaneously measured»

«the fact that one hardly disturbs the systems in making WM means that one can in

principle measure different variables in succession» [Mitchison, Jozsa and Popescu, PRA 76

(2007)]

Joint weak measurement

Resch et al., PRL 92, 130402 (2004)

Sequential weak measurement

Mitchinson et al., PRA 76, 062105 (2007)



Sequential weak measurement

Linearly polarized pre- and post-

selection states



SETUP

ICNFP 2017, August 25th, Kolymbari, Crete



PRL 117, 170402 (2016) 

Results

Measured weak values (data points) compared with the theoretical predictions



Results

Measured weak values (data points) compared with the theoretical predictions

PRL 117, 170402 (2016)



Application: violation of a multiple-
measurement Leggett-Garg inequality

(preparation)

Originally proposed to investigate macroscopic realism, Leggett-Garg inequalities can

also be regarded as a tool for quantumness tests.

Sequential weak measurements allow extending the usual 3-measurement framework

to a multiple-measurement one, e.g. violating the inequality:



Violations

PRA 96, 052123 (2017) 



Protective Measurements



Can one extract the quantum expectation 
value by measuring a single particle?

Protective Measurement (PM): the interaction is smooth enough to leave the state

unchanged. The pointer shift is proportional to the average value of the observable

[Aharonov and Vaidman, Phys. Lett. A 178, 38 (1993)]

Ideal case: No losses, photon survival probability

step 1 step K

…



Can one extract the quantum expectation 
value by measuring a single particle?

Protective Measurement (PM): the interaction is smooth enough to leave the state

unchanged. The pointer shift is proportional to the average value of the observable

[Aharonov and Vaidman, Phys. Lett. A 178, 38 (1993)]

Projective measurement Protective measurement

Measured observable:

Each photon carries the

same information on  𝑷



Protective measurements in the lab



Projective measurements in the lab



Experimental results

Projective measurement

Protective measurement

Nat. Phys. 13, 1191 (2017)



Experimental results



How accurate can PMs be?

Let us compare the uncertainty on  𝑃 given by a K-steps PM (𝑢  𝑃 ) with the one

obtained with a projective measurement (𝑢𝑃𝐵𝑆  𝑃 ):

𝑢  𝑃 < 𝑢𝑃𝐵𝑆  𝑃 , even though

in this framework projective

measurements saturate the

Quantum Cramér-Rao bound!

Nat. Phys. 13, 1191 (2017)

The advantage given by PMs is due to:
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