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condensed matter 
quantum materials 

atomic-scale control 

QED: vacuum fluctuations 

pump-probe: strong classical fields 
Image courtesy: J. Sobota 

ultrafast spectroscopy 
revealing elementary couplings 

light-induced new states of matter 

Engineering materials with light 



Max Planck Institute for the Structure and Dynamics of Matter 

Cavity materials 
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BCS	superconductors:	phonon-mediated	superconductivity	
Ginzburg,	Phys.	Lett.	13,	101	(1964):	exciton-mediated	superconductivity?	
Ruvalds,	Phys.	Rev.	B	35,	8869(R)	(1987):	plasmon-mediated	superconductivity?	
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monolayer FeSe/STO: ARPES 
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Lee	et	al.,	Nature	515,	245	(2014)			 Rademaker	et	al.,	New	J.	Phys.	18,	022001	(2016)				

replica	bands:	forward	(small-q)	
electron-phonon	scattering	

experiment	 theory	
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monolayer FeSe/STO: interfacial phonon 
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Huang	and	Hoffman,	Annu.	Rev.	CMP	8,	311	(2017)	

Lee	et	al.,	Nature	515,	245	(2014)			bare	el-phonon	vertex	
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Cavity engineering 
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•  idea:	use	phonon	polaritons	to	modify	electron-
phonon	coupling	

	

Huang	and	Hoffman,	Annu.	Rev.	CMP	8,	311	(2017)	

cavity	photon	
E	field	
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Model and Method 
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electrons	 polaritons	el-polariton	coupling	

G-self-consistent	Migdal-Eliashberg	diagram	

Mass	enhancement:	

bare	el-phonon	vertex	
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Cavity materials: Phonon polaritons 
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Cavity superconductivity? 
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T	(K)	

suppressed	superconductivity	despite	enhanced	el-ph	coupling	

vs.	
forward	scattering	

q-independent	scattering	
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Summary 
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•  cavity	leads	to	enhanced	electron-phonon	coupling	
•  FeSe/STO:	works	in	conjunction	with	other	pairing	mechanisms	
•  can	one	also	enhance	superconductivity?	

M.	A.	Sentef,	M.	Ruggenthaler,	A.	Rubio,	arXiv:1802.09437	
Science	Advances	4,	eaau6969	(2018)		

2D material (FeSe)

dielectric substrate (SrTiO3)

cavity mirror

cavity mirror
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