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Goldfinger (1964) 

http://www.imdb.com/year/1964/?ref_=tt_ov_inf


My main aim in 
this talk is…  
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Information 
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Quantum  
Coherence 

 

 
 

Hilbert space 
 
 

 
Superposition  

and Interference 
 



Quantum phenomena do not occur in a Hilbert space.  
They occur in a laboratory  
 

Quantum Theory: Concepts and Methods, Asher Peres 
Kluwer Academic Publishers, p. 373, 1995 

http://tx.technion.ac.il/~peres/ 
 
1934-2005 
Technion, Israel  Institute of Technology 





Frequency  
Polarization  

Spatial shape  



Hendrych, Gallego, Micuda, Acin and Torres, Nature Physics 8, 588 (2012)  



Quantum state engineering 



The photon gun  
How to generate one-photon and 

two-photon states 



Spontaneous Parametric Down Conversion (SPDC) 
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       Absorción de dos y tres fotones 
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Nasr et al., Phys. Rev. Lett.  100, 183601 (2008) 







Quantum  
state  

Tomography 
What is the quantum state? 
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Polarization of photons 
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Polarization of a one-photon state 
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Polarization Beam splitter (PBS) 
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Half wave plate (HWP) 
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Quarter wave plate (QWP) 



Quantum state tomography  

3 

4 

H

ρ 

43

4

43

3
4

3

NN
Nb

NN
NabP

aP

+
=

+
==

=

V
PBS 



3 

4 

( )VH +
2

1

ρ 

43

43
4

3

2
1)Re()Re(

2
1

)Re(
2
1

NN
NNzzP

zP

+
−

=−=

+=

( )VH −
2

1

PBS HWP 



3 

4 

( )ViH +
2

1

ρ 

43

34
4

3

2
1)Im()Im(

2
1

)Im(
2
1

NN
NNzzP

zP

+
−

=+=

−=

( )ViH −
2

1

QWP PBS 



Photons have a shape 
or how to create a multidimensional Hilbert space 

http://pulpypics.com/emoticons-for-facebook-and-skype/ 
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shape   GaussLaguerre  a  with  Photons −



Spatial Light Modulators (SLM) 

Spatial Light Modulator, Liquid Crystal on Silicon, Hamamatsu 
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Durr, Nonn, Rempe, Nature 395, 33 (1998) 



 
 
 



Entanglement  
and  

Bell’s inequalities 





E. Schrodinger, 1933 
Nobel prize in physics "for the discovery  
of new productive forms of atomic theory" 
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Bell’s inequalities (1964) 
Clauser, Horne, Shimony, Holt (CHSH)(1969) 
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Bell’s inequality violation 





Asher Peres 



Some conclusions 
and more 





There can not be quantum measurement theory…there is only 
quantum mechanics. Either you use quantum mechanics to 
describe experimental facts or you use  another theory. A  
measurement is not a supernatural event. It is a physical 
process, involving ordinary matter, and subject to ordinary physical 
laws. 
 

Quantum Theory: concepts and methods, Asher Peres  
Kuwer Academic Publishing, p. xiii,1993 







http://thelifeofpsi.com/2013/09/01/the-measurement-problem/ 
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