
10	lectures	+	1	guest	seminar	in	8	sessions	

	

Tuesday	April	4 	 	9am-12am	(3h)	 	 	Lectures	1/2	

Tuesday	April	11 	 	9am-12am	(3h)		 	 	Lectures	2/3	

Tuesday	April	18 	 	no	lecture		

Tuesday	April	25 	 	9am-12am	(3h)	 	 	Lectures	4/5	

Tuesday	May	2	 	 	9am-12am	(3h)		 	 	Lectures	5/6	

Tuesday	May	9 	 	9am-11am	(2h)	 	 	Lecture	7	

Tuesday	May	14 	 	9am-11am	(2h)	 	 	Lecture	8	

Tuesday	May	21 	 	9am-11am	(2h)	 	 	Lecture	9	

Tuesday	May	28 	 	9am-11am	(2h)		 	 	Lecture	10	

Schedule	



1)	SuperconducEng	grains	(BCS	theory,	fluctuaEons,	parity	effect)	

2)	QuasiparEcle	current	in	N/I/S	juncEons	(cooling,	charge	imbalance,	Coulomb	blockade)	

3)	Andreev	reflecEon	(doubling	of	the	noise,	crossed	AR,	MAR)	

4)	Andreev	bound	states	(quantum	dots:	Shiba	state,	Kondo	effect	vs	superconducEvity,	SIS	

juncEon)	

5)	Classical	Josephson	effect	(Meissner,	SQUIDs,	Fraunhoffer,	Josephson	radiaEon,	Shapiro)	

6)	Quantum	Josephson	effects	(Cooper	pair	box,	SuperconducEng	qubit)	

7)	Josephson	chains	and	arrays	(phase	slips,	BKT,	superconductor/insulator	transiEon)	

8)	Guest	lecture	on	experimental	aspects	by	Timothy	Duty,	University	of	New	South	Wales,	

Australia	

9)	SuperconducEng	hybrids	and	proximity	effect	(N/S	and	F/S	hybrids)	

10)	Topological	superconducEvity	(Kitaev	model,	Majorana	fermions,	signatures)			

Outline	



•  bibliography	

•  handwri`en	notes	of	previous	lectures	

•  slides	
	

h`ps://inac.cea.fr/Pisp/manuel.houzet/	
	

manuel.houzet@cea.fr	
	



Lecture	1:	

Superconduc:ng	grains		

(BCS	theory,	fluctua:ons,	parity	effect)	



Zero	resistance	state	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Kammerlingh	Onnes	(Leiden,	1911)		
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Magne:c	field	expulsion	

Meissner-Oschenfeld	(1933)		

T	>	Tc	 T	<	Tc	

B	=	0	



electromagne:c	response	and	energy	gap	

PRL	2,	143	(1959)	



Excess	quasipar:cles	

typical	values	in	aluminum:	 � = 200µeV
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c(10mK) ⇡ 10�51 µm�3

c(100mK) ⇡ 1µm�3

c(50mK) ⇡ 10�6 µm�3

saturaEon	of	the	lifeEme	in	superconducEng	
resonators	at	low	T		
	
	
	
← de	Visser	et	al.,	PRL	2011	

	
normal-metal	electron-phonon		

relaxa9on	rate	at	energy	Δ		
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Fluctua:onal	specific	heat	



Fluctua:onal	diamagne:c	response	

Science	318,	1440	(2007)	


