
Groupe	Théorie		
Service	de	Photonique,	Electronique,	Ingénierie	Quan;ques	(PHELIQS)	

Ins;tut	Nanosciences	et	Cryogénie	(INAC)	
•  Theory	group	in	a	joint	unit	of	CEA	and	Université	Grenoble	Alpes	
	
•  7	permanent	researchers	
						5	PhD	researchers	
						4	postdocs	
	
•  analy5cal	and	numerical	approaches	for	condensed	maLer	physics	
	
•  strong	links	with	experiments	at	PHELIQS	or	Polygone	scien;fique	
	

	 	Quantum	nanoelectronics	
	 	 	mesoscopic	superconduc;vity,	spintronics,	correla;ons	in	quantum	dots,	
	 	 	strong	interac;ons	in	low	dimensions	(1D),	out-of-equilibrium	dynamics	
	 	Magne5sm	
	 	 	quantum	and	frustrated	magne;sm,	Monte	Carlo	simula;ons,	phase	
	 	 	transi;ons	
	 	Superconduc5vity	and	superfluidity	
	 	 	unconven;onal	superconduc;vity,	topological	superconductors		
	 	 	(and	insulators),	vor;ces,	Josephson	junc;on	arrays	



Examples:	

1.	Antagonism	of	superconduc5vity	and	ferromagne5sm	
	
	
	
	
   è	New	effects	in	hybrid	nanostructures	

2.	Topological	states	of	maEer	
	-	no	local	broken	symmetry		
	-	no	Landau	theory	with	order	parameter	

	
	 	 		

 
 
 
 
 
    
   è	topological	phases	(2016	Nobel	prize)	

topological	insulator	

metallic	surface	
states	(helical)	



Examples:	

3.	Looking	for	new	quasipar5cles	(Weyl,	Dirac,	Majorana	fermions)		
protected	by	topology	in	hybrid	structures	

ar5ficial	maEer	
in	n - 1	dimensions	
	
quasi-momenta	kx , ky , kz …	
in	the	Brillouin	zone	
	
Bloch	bands	

Josephson	jonc5on		
with	n	superconduc;ng	terminals	
	
2π-periodic	phase	differences	
φ1	,	φ2	,	φ3	…	
	
Andreev	spectrum	of	
localized	states	in	the	junc;on

	 	 	è	new	func;onali;es	(quantum	Hall	effect	in	a	superconduc;ng	device)	
	

70.5°

f

g

i

h

b
a b c

d

f g h i

e

c

200

1 1 1−

1 1 1−

200

1 1 1−

1 1 1−

Figure 3 | Crystal structure of a single-crystalline nanocross. a, Low-resolution TEM image of a single-crystalline InSb nanocross. b,c, HR-TEM images just
below the droplet for both branches. Scale bars, 5 nm. d,e, FFT patterns corresponding to b and c, respectively. The crystalline directions are perfectly
superposed, proving the nanocross in a is a single crystal. f–i, HR-TEM images of each corner of the nanocross and the corresponding FFT pattern showing a
single-crystalline orientation. Scale bars, 5 nm.
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Figure 4 | Transport through a nanocross. All data were taken at a temperature of 4.2 K. a, Conductance G¼ I/VSD of all six contact pairs as a function of
gate voltage Vg. VSD is the voltage bias across the device; I is current. For all traces, VSD is between 10 mV (near pinch-off) and 5 mV (at Vg ¼ 30 V).
Right axis: resistance R¼ 1/G. Inset: SEM image (508 tilted) of the measured nanocross. Dw, the angle between nanocross legs, is 458. b,c, Bias voltage
sweeps of contact pairs A–C (b) and A–D (c) at several gate voltages Vg. For b, from light blue to black, Vg¼ 9.8, 10.5, 11.1, 12, 15 and 22.5 V. For c, from light
blue to black, Vg¼ 9.8, 10.2, 10.7, 11.7, 15 and 22.5 V.
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4	M2	or	PhD	projects	

Theore5cal	study	of	advanced	magnetocaloric	systems:		
geometrically	frustrated		and	dipolar	magnets	
Spin	liquids	and	exo;c	magne;c	states	for	environment		
friendly	refrigera;on,	analy;c	theories	and		
Monte	Carlo	simula;ons	of	realis;c	spin	models	
mike.zhitomirsky@cea.fr	

A	predic5ve	simula5on	stack	for	the	elements		
of	a	semiconduc5ng	quantum	computer	

real	;me	dynamics,	correla;ons	and	electrosta;cs	in	flying	qubit,		
machine	learning	algorithms	to	op;mize	the	sample	behavior	

christoph.groth@cea.fr	and	xavier.waintal@cea.fr	

Interac5on	effects	on	topological	proper5es	of		
mul5terminal	Josephson	junc5ons	
microscopic	models,	role	of	Coulomb	repulsion,		
new	topological	phases	in	more-than-4	terminal	junc;ons	
manuel.houzet@cea.fr	

Higher-order	topological	insulators		
insula;ng	bulk	and	surfaces,	but	metallic	«	hinge	»	states,	

disorder-induced	coupling	with	residual	bulk/surface	states		
julia.meyer@univ-grenoble-alpes.fr	


