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1.  Wave-particle duality with surface plasmons 
2.  Hong Ou Mandel experiment 
3.  Hybrid entanglement photon-plasmon 

Dheur et al., Science Advances 2, e1501574 (2016).  
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Previous	  results	  in	  quantum	  plasmonics	  

Entanglement	  
preserva4on	  

E.	  Altewischer	  et	  al.,	  Nature	  418,	  
304–306	  (2002).	  

Single	  plasmons	  

V.	  Akimov	  et	  al.,	  Nature	  450,	  
	  402–406	  (2007).	  
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Dheur et al., Science Advances 2, e1501574 (2016).  
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Degree of second order coherence 
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Photon-SPP conversion 

Dheur et al., Science Advances 2, 
 e1501574 (2016).  

Fabrication: E Devaux 
Characterization: A Baron 
Design: P. Lalanne 

Dheur et al Sci. Adv. 2, e1501574 (2016)  
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Single SPP source 

Dheur et al., Science Advances 2, e1501574 (2016).  Dheur et al Sci. Adv. 2, e1501574 (2016)  



10 

Single SPP interference 

Dheur et al., Science Advances 2, e1501574 (2016).  Dheur et al Sci. Adv. 2, e1501574 (2016)  
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Interferences with single plasmons 
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Hong Ou Mandel experiment: 
Coalescence of two photons 

Dheur et al., Science Advances 2, e1501574 (2016).  B. Vest et al., Science 356, 1373 (2017)    



The	  HOM	  experiment	  
Hong,	  Ou,	  Mandel,	  PRL	  59	  (18)	  (1987)	  



The	  HOM	  experiment	  
Hong,	  Ou,	  Mandel,	  PRL	  59	  (18)	  (1987)	  

(With	  	  	  r	  =	  	  	  +/-‐	  	  	  it)	  =	  0	  

+ =	  0	  !	  
2 Destruc4ve	  interference	  

of	  indis4nguishable	  
quantum	  paths	  



Plasmonic	  versions	  of	  the	  HOM	  experiment	  

J.	  Fakonas	  et	  al.,	  
Nat.	  Phot.	  8,	  317–320	  (2014).	  

R.	  Heeres	  et	  al.,	  
Nat.	  Nano.	  8,	  719–722	  (2013).	  

Di	  MarPno	  et	  al.,	  
Phys.	  Rev.	  Appl.	  1,	  (2014).	  

•  Bosonic	  behavior	  of	  plasmons	  is	  clearly	  confirmed	  (waveguides)	  



Genera<on	  of	  photon	  
pairs	  @	  806	  nm	  

Conversion	  into	  single	  
SPPs	  with	  plasmonic	  

launchers	  

Interference	  on	  the	  beam	  
spliFer,	  outcoupling	  and	  

collec<on	  

A	  plasmonic	  HOM	  experiment	  

B. Vest et al., Science 356, 1373 (2017)    



Two	  beam	  spliKers	  

Design	  and	  fabrica<on	  of	  samples	  with	  
different	  geometrical	  parameters	  

A)	  «	  Lossy	  lossless	  »	  beamspliFer	   B)	  Lossy	  anomalous	  beamspliFer	  

w	  [nm]	   180	  

g	  [nm]	   140	  

h	  [nm]	   120	  

w	  [nm]	   320	  

g	  [nm]	   280	  

h	  [nm]	   250	  

CASE	  OF	  A	  25/25	  BEAMSPLITTER	  



From	  HOM	  dip	  to	  HOM	  peak	  

l  Usual	  HOM	  dip	  with	  contrast	  above	  60%	  
l  Bosonic	  nature	  of	  SPPs	  
l  Freely	  propaga<ng,	  unguided	  par<cles	  	  

l  HOM	  peak	  with	  contrast	  above	  65	  %	  
l  Boson	  an<-‐coalescence	  

A)	  	  Lossy	  «	  lossless	  type	  »	  beamspliKer	   B)	  Lossy	  «	  anomalous	  »	  beamspliKer	  

B. Vest et al., Science 356, 1373 (2017)    



Quantum	  coherent	  absorp4on	  

Barnett et al., PRA 57(3) (1998) 

Quantum non linear absorption 
of two bosons 

Two photons are absorbed or none. 

Quantum coherent absorption 
 of two fermions 

One and only one fermion is absorbed. 
 

B. Vest et al., Science 356, 1373 (2017)    
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Remote control of a surface plasmon 

Dheur et al., Science Advances 2, e1501574 (2016).  

Procedure:  
- generate a hybrid entanglement between a plasmon and a photon 
- Perform a projective measurement on the photon 
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Source of entangled photons 
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Polarization-path entanglement 
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Observation of the MZI output  

The plasmon state depends on the projective measurement performed on the photon: 
It can be remotely controlled through its entanglement with the photon. 
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