


5th December 2018                              QIPA2018                                              ARU 2



Outline

• Bell-CHSH inequality and EPR Steering  

• Positive Operator Valued (POV) observables 

and unsharp measurements  

• Compatible (jointly measurable) POVMs

• N-term correlation inequality and joint 

measurability

• Equivalence between steering and joint 

measurability
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Bell’s Inequality 

John Bell

Predictions of quantum mechanics cannot be squared with the belief, called

local realism that physical systems have realistic properties whose pre-existing

values are revealed by measurements. The predictions of quantum mechanics

for spatially separated systems are at odds with any version of local realism
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Bell-CHSH Correlation Inequality:

Quantum Tsirelson Bound 

Algebraic Maximum of CHSH: 4  → Generalized Probability Theory (beyond quantum theory
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EPR Steering

The ability to non-locally alter the

states of one part of a composite

system by performing measurements

on another space-like separated part.
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Trusted devices -- Bell-CHSH scenario

Alice Bob

Alice Bob

Bob cannot trust Alice! Verifies if a ‘Steering Inequality’ is violated.
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Steering   implies  both  entanglement  and 

incompatible measurements  at  Bob’s end

But Bell non-locality and joint measurability  not synonymous       

(except in the CHSH case). 
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PV measurements of a pair of commuting observables
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• Think of G as a common measurement device with 

four LEDs (corresponding to four outcomes);  two of 

the LEDs correspond to the measurement outcome +𝟏
for  the binary POVMs  𝑬𝟏 and similarly for 𝑬𝟐.

−

𝐺(1, −1) 𝐺(−1,−1)

𝐺(1,1) 𝐺(−1,1)

𝑬𝟏 (+1)

𝑬𝟐(+𝟏)
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Courtesy: Heinosari et al., J. Phys. A: Math. Theor. 49 (2016) 123001

Unsharp measurements of a pair of compatible POVMs
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classical

quantum

GPT
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Fuzziness                GPT QM Classical

scale

4-term CHSH inequality and joint measurability



5th December 2018                              QIPA2018                                              ARU 35



Steering   implies  both  entanglement  and 

incompatible measurements  at  Bob’s end

But Bell non-locality and joint measurability  not synonymous       

(except in the CHSH case). 
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Classical Moment Problem

N.J. Akhiezer, The Classical Moment Problem, Hofuer Publishing Co., (1965)

J.A Sholat and J.D. Tamarkin, The problem of moments, AMS (1943)

Addresses the issue of finding a probability distribution

given a set of moments.

This brings forth the fact

A given sequence of real numbers qualifies to be moment sequence of a

legitimate probability distribution if and only if the associated moment

matrix is positive.

Existence of joint probability distribution Moment matrix is positive
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Classical  Moment 

problem 

Momen

Inversion

Moment 

Matrix 

Positivity

Are the 

probabilities 

moment 

determinate?

Is the given 

sequence of 

“moments” admit 

legitimate

probabilities?

H. S. Karthik, H. Katiyar, A. Shukla, T. S. Mahesh, A. R. Usha Devi and A. K. Rajagopal, Phys. Rev. A 87, 052118 (2013).
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Joint measurability of observables ensures joint probabilities  
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Moment matrix positivity implies existence of joint probabilities  

&
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Joint measurability of observables ensures joint probabilities  

Moment matrix positivity implies existence of joint probabilities  

&
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Classical Bound:  

Quantum Tsirelsen Bound:                                                              Semidefinite Programming

(SDP) 

2N-term CHSH-Bell inequality 

N measurements each by Alice and Bob
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Quantum Tsirelsen Bound:                                                            Semidefinite Programming

(SDP) 

Classical Bound:  
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Question: With optimal jointly measurable (unsharp) POVMs

do we recover Tsirelson bound for N term inequalities?

This happens if joint measurability is both necessary and

sufficient for violation of the N-term correlation inequality.

Measurement incompatibility Sequential correlation inequality??
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Only a Special Case of correlation inequality resulting

in Tsirelson Bound as a result of joint measurability

No violation of 4 term Bell-CHSH inequality 
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Exptl verification of  violation of 6 term finite setting steering  inequality
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Connection between joint measurability and time-like steering  in 

single system is discussed in  

• H. S. Karthik, J. Prabhu Tej, A. R. Usha Devi, and A. K. Rajagopal, 

J. Opt. Soc. Am. B. 32, A34 (2015) 

• M. Pusey, J. Opt. Soc. Am. B. 32, A56 (2015).
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