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Awardees

Alain Aspect
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in Agen, France

Anton Zeilinger
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in Pasadena, CA, USA J.-W. Pan, D. Bouwmeester, M. 

Daniell, H. Weinfurter and A. 
Zeilinger, Nature 400, 515 (1998)

A. Aspect, J. Dalibard and G. 
Roger,  Phys. Rev. Lett. 49, 1804 
(1982) S.J. Freedman and J.F. 

Clauser, Phys. Rev. Lett. 28, 
938 (1972)



Scientific background

There are infinite alternative 
representations of quantum states
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Scientific background

That a pure quantum state is entangled means that it is not separable; for the simplest 
case of two distinct spinless particles moving on a line, being separable means that the 
wave function can be written as





while the general form of the wave function is





Where the  are complex numbers. This basic definition can be generalized not only to 
states with many particles, and many quantum numbers (such as spin or charge), but 
also to what are called mixed states that describe classical statistical mixtures of pure 
states, typically thermal states.6 
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6Also in this respect the the Norwegian Nobel Committee highly recommends the Dispense del corso di Fisica Generale 3 used by students at the Math Department of UNIMI
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The heart of the matter

Understanding 
quantum mechanics 

especially 

the relationship 

between the whole 
and the parts 



The heart of the matter

Bell was awarded many 
international honours, and 
had been nominated for a 
Nobel Prize, but died 
suddenly of a stroke in 
1990

𝔼LHV[(a1 + a2)b1 + (a2 − a1)b2] ≤ 2

𝔼QM[(a1 + a2)b1 + (a2 − a1)b2] ≤ 2 2

LHV ⟺ p(ai, bj |λ) = p(ai |λ)p(bj |λ) QM ⟺ FG3



Detailed achievements

In the early 1970s, John Francis Clauser succeeded in obtaining a first 
experimental confirmation that experimental data are compatible with quantum 
mechanics and violate the bound to correlations set by local hidden-variable 
theories.



Detailed achievements

In 1982, Alen Aspect highly improved the experimental setup introducing in 
particular acousto-optical switches to randomly set the polarizers direction, thus 
successfully addressing the locality loop-hole. 



Detailed achievements

Anton Zeilinger contributed to closure of the locality and detection loopholes, 
experimentally demonstrated entanglement swapping, quantum teleportation as 
well as exclusion of local-hidden variables via GHZ states. He further 
contributed to obtain efficient generation of entangled photon pairs and 
demonstration of interference with macroscopic systems.



Further achievements 



Entanglement generation strategies 

Entangled photon pairs generation



Entanglement generation strategies 



Potential for applications

Quantum entanglement swapping

Quantum cryptographyQuantum teleportation



Potential for applications

Quantum teleportation Quantum cryptography

Quantum entanglement swapping
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