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1) Femtosecond laser writing: main features 

2) Complex integrated photonics  

     networks. Discrete quantum walks 

3) BosonSampling: a promising   

    route towards Quantum Supremacy 

  Summary  



Circular waveguide 
transverse profile 

Main features 

Propagation of  circular 
gaussian modes 

Rapid device prototyping: 

writing speed = 4 cm/s  

3-D capability 

Low birefringence 

ABLE TO SUPPORT ANY POLARIZATION STATE 

  Femtosecond laser writing  



  Femtosecond laser writing  



  Femtosecond laser writing  



M. Lobino & J.L. O'Brien News &Views Nature (2011) 

L. Sansoni et al. Phys. Rev. Lett. 105,  
200503 (2010) 

2 bosons 

2 fermions 

Goal: to realize complex integrated 

photonics structures of beam 
splitters. 

  Integrated beam splitter 



J. Matthews & M. Thompson, News & Views Nature (2012) 

  Quantum Walk  



             Feasible with integrated 

          photonic waveguides 

tim
e
 

Discrete QW: realized by  
concatenating many beam  
splitters and phase shifters 

  Implementing QW with photons  



- Path lengths controlled up to few nanometers 

        L. Sansoni, et al., Phys, Rev, Lett, 108, 010502 (2012) 

- Polarization independent lattices made possible by 3D writing capability 
   
 
 
 
 
 

  Polarization independent QW  



Disordered QW depending 
- on site 
- but NOT on time  

Anderson localization of the  
quantum particle wavefunction 
Nat Photon (2013) 

Up to 16 output modes  
and 64 polarization 

 independent BSs and 
phase-shifters 

 

  Main QW realizations 

Ordered QW Study the statistics of  
bosonic/fermionic wavefunction  
PRL (2012) 

On chip BS array 



  The BosonSampling problem  



  BosonSampling  



  BosonSampling  



  BosonSampling  

T. Ralph, News & Views, Nature Photonics 7, 514 (2013) 

« Small-scale quantum computers made from an array of interconnected 
waveguides on a glass chip can now perform a task that is considered hard to 

undertake  on a large scale by classical means. » 



  BosonSampling  



  BosonSampling: the chip  

   A. Crespi, et al., Nature Photonics 7, 545 (2013) 



  BosonSampling  



   A. Crespi, et al., Nature Photonics 7, 545 (2013) 

  BosonSampling: the setup  



Input: 6, 7, 8 Output: 286 different  

possible no-bunching 

configurations 

91 different fabrication phases 

  Up to 13 mode systems investigated  

 N. Spagnolo, et al., Nature Photonics, 8, 615 (2014) 



C. Gogolin et al. arXiv:1306.3995 

S. Aaronson et al. arXiv:1309.7460 

For each single registered event, which identifies the 
output state, calculate the quantity  
 
 
whith          = submatrix of U  depening on the input 
and output states, and compare this value to its 
counterpart for a uniform distribution Pu .  
 
If P > Pu, you can guess that the single event has 
been produced by a BosonSampler 

It has been argued that due to the high complexity, 
BosonSampling output in the hard-computational 
regime cannot be distinguished from the random 
output of a uniform distribution 

  Validation of BosonSampling  



 N. Spagnolo, et al., Nature Photonics, 8, 615 (2014) 

  Validation of BosonSampling  



  Validation of BosonSampling with 9 modes  

 N. Spagnolo, et al., Nature Photonics, 8, 615 (2014) 



  Towards Quantum Supremacy 

The extended Church-Turing (ECT) Thesis: 
Everything feasibly computable in the physical world is feasibly computable
(probabilistic) Turing machine 
 
 

GOAL: Achieve Boson Sampling with n = 10-20 photons  
and m = 100-200 modes  

Open questions 
 
- Measure BS complexity 
- Other equivalent experimental schemes 
- Certify the functioning of  a BS experiment 
- How noise/imperfections affect a complex BS 

 

Challenges 
 
- Efficient single photon sources
- Reconfigurable photonic circuits
- Efficient single photon detectors

 



p = probability of generating a photon pair in a single source  
(typical values p=0.01-0.015) 

probability of generating the n-photon 
input 

Scattershot Boson Sampling, n-photon 
term 

probability of generating one of 
the n-photon input configurations 

number of possible output 
configurations 

Total generation 
rate: 

  Scattershot BosonSampling 

Sample both from the input  
and the output modes  

Potentially huge increase 
of the brightness of the 
quantum hardware  

See Niko Viggianiello’s Poster on Scattershot BosonSampling!!! 



  Scattershot BosonSampling: generation 

 M. Bentivegna, et al., Science Advances, 1, e1400255 (2015) 



  Scattershot BosonSampling: preparation 

 M. Bentivegna, et al., Science Advances, 1, e1400255 (2015) 



  Scattershot BS: chip and detection 

 M. Bentivegna, et al., Science Advances, 1, e1400255 (2015) 



  Scattershot BS: random input 

 M. Bentivegna, et al., Science Advances, 1, e1400255 (2015) 



  Implementing the Fast Fourier Transform 

                            A. Crespi, et al., arXiv: 1508.00782v1 (2015) 

Boson Sampling experiments pose serious problem of certification of 
the result’s correctness in the computationally-hard regime. 
 
Use 3-D photonic chips to test true n-photon interference in a 
multimode device [by M.C. Tichy et al. (Phys. Rev. Lett., 2014)]. 
 
Proposal based on the suppression of specific output configurations in 
an interferometer implementing an np -dimensional Quantum Fourier 
Transform (QFT) matrix. 
 
Generalization of the 2-photon/2-modes Hong-Ou-Mandel (HOM) 
effect, used to test a wide range of photonic platforms. 
 
 



Quantum interference in multimode interferometers may determine 
suppression of a large fraction of the output configurations. 
 
Study the evolution of particular input states through the network 
implementing the QFT described by the unitary matrix: 
 
 
 
Test performed with 2 photon and 4- and 8- mode interferometers 

  Quantum Fourier Transform in a 3D chip 



  Quantum suppression law in a 3D chip 

                            A. Crespi, et al., arXiv: 1508.00782v1 (2015) 



° Flexibility of waveguide integrated circuits 
   (in particular 3D capabilities of fsec laser writing). 
 
° Potential for quantum simulations and quantum walks 
   (2 non-interacting bosons/fermions) 
 
° BosonSampling (proof-of-principle test, validation, scattershot  
   BS, Quantum Suppression Law)    

    
 

  Conclusions 
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