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The	indistinguishable	photons	emitted	by	semiconductor	quantum	dots	
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	 Semiconductor	quantum	dots	are	more	and	more	seen	as	promising	light	sources	for	quantum	
information	processing.	The	 large	purity	and	 indistinguishability	of	 the	emitted	photons,	 combined	
with	 a	 high	 emission	 brightness	 has	 recently	 allowed	 to	 implement	 quantum	 information				
experiments.	[1,2]	

	
	 Combining	a	highly	bright	source	with	a	large	photon	purity	and	indistinguishability	was	not	trivial	
to	obtain.	 Indeed,	quantum	dots	are	embedded	 in	 semiconductor	 layers	presenting	high	 refractive	
indexes:	 less	 than	 1%	of	 emitted	 photons	 can	 be	 collected	 on	 the	 upper	 space	 in	 bulk	 structures.	
Moreover,	the	high	brightness	regime	usually	requires	a	strong	excitation	of	the	system,	which	in	turn	
could	introduce	dephasings	and	therefore	reduce	the	coherence	properties	of	the	source.	
	
	 I	will	present	the	method	we	used	to	combine,	for	the	first	time,	those	three	parameters	on	the	
same	 source.	 We	 inserted	 single	 quantum	 dots	 in	 pillar	 microcavities	 and	 we	 benefic	 on	 cavity	
quantum	electrodynamics	effects	[3].		
	
	 	The	 single	photon	purity	and	 indistinguishability	measurements	are	usually	performed	at	 two	
different	times.	This	requires	the	source	parameters	to	remains	constant	over	those	two	independent	
and	sequential	measurements.	We	propose	and	demonstrate	a	four	detectors	experiment	that	allows	
the	simultaneous	determination	of	the	single	photon	purity	and	indistinguishability	(Figure	b).		
	
	 The	experiment	can	also	be	considered	as	an	elementary	block	of	boson-sampling	circuit	where	
multiple	photons	from	a	single	quantum	dot	are	sent	to	a	4x4	linear	optical	circuit.	The	experiment	is	
a	 road	step	towards	 the	 implementation	of	 linear	optical	quantum	protocols	 that	can	 fully	process	
random	 input	 photon-number	 such	 as	 stand-alone	 metrology	 testbed	 or	 in	 experiments,	 such	 as	
quantum	random	walks	and	boson	sampling.	
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Figure:	(a)	When	two	indistinguishable	photons	arrive	at	a	beam	splitter,	they	coalesce.	(a)	Circuit	that	
allows	the	simultaneous	measurement	of	the	photon	purity	and	the	photon	indistinguishability.		
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