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High Temperature Superconductors 
 
Copper oxides 
 
 
 
 
 
 
 
 
Iron based 
 

Nighttime		
on	the	moon	

Hg-Ba-Ca-Cu-O	

Conventional	superconductors		

History of Superconductivity 



B Keimer et al. Nature 518, 179-186 (2015) doi:10.1038/nature14165 

Phase diagram. 





La2CuO4:  A Model Two Dimensional S = ½ 
Heisenberg Antiferromagnet 

CHN:  Phys. Rev. B 39, 2344, 1989







Rise of the iron pnictides 



Rise of the iron pnictides 



Rise of the iron pnictides 

arxiv:1406.3435 



Common features of high Tc superconductors 



New Iron Based Superconductors 

Fe 
Se 

FeSe1-xTex (Tc~15K)max 

Hsu et al. ArxiV (2008) Nekrasov et al. JETP (2008) 

LiFeAs (Tc~18K)max 

(RE)FeAsO1-xFx  (Tc~55K)max Ba1-xKxFe2As2  (Tc~38K)max 

Kamihara et al., JACS (2008) Rotter et al., PRL (2008) 
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Ba(Fe1-xCox)2As2,	x	=	0.14	
0.46	g	 0.96	g	 0.55	g	

0.35	g	0.53	g	 0.1	g	





James Analytis



A.	Bohmer	et	al.	Nat.	Comm.	6,	7911	(2015)	
L.	Wang	et	al.	Phys.	Rev.	B	93,	014514	(2016) 



Schematic phase diagram of the iron pnictides 
-  what is the origin of the nematic instability? 
-  what is the importance of nematicity to superconductivity? 

nematic transition = tetragonal-to-orthorhombic transition 

Rafael Fernandes



J.	Sun	et	al.	Nat.	Comm.	7	12146	(2016)	

FeSe phase diagram: temperature vs pressure 



Frandsen	et	al,	PRL	119,	187001	(2017)	

Nematic,	
antiferromagnetic	

60-80	Å	

3.5-23.5	
Å	

Structure of Sr1−xNaxFe2As2: x = 0.34  
(with magnetic C4 phase) 

AVERAGE	
STRUCTURE	



a	

b	



Sr1−xNaxFe2As2 

AF/O 

AF/T SC 

P/T 

P/T + 
fluctuations 

Note:		
Disorder	acts	
as	a	random	
nematic	field	
	

→	The	physics	
of	the	3D	
random	field	
Ising	Model	
	



The curious case of doped iron chalcogenide superconductors 

Spin fluctuations at the Fermi 
surface nesting vector (π, π) 

Iron-pnictides Doped Iron-chalcogenides 

Lack of electron and hole Fermi 
surface nesting conditions 

Q	of	AF	order	
Q	of	spin	resonance	 Q	of	spin	resonance	



Stripe type AF order  and rhombus iron vacancy 
order of semiconducting K0.85Fe1.54Se2 

J. Zhao et al. arXiv:1205.5992 (2012)





Different	phases	in	RbxFeySe2-zSz	



TC=20K	 TC=0K	

Rb0.8Fe2S2 

TC=32K	

Rb0.8Fe2Se2 Rb0.8Fe2SeS 

Correlation-tuned superconductivity in RbxFe2(Se,S)2 

28 
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Fe 

Se 

No charge carrier doping 

Non-superconducting Superconducting 



TC=20K	 TC=0K	

Rb0.8Fe2S2 

TC=32K	

Rb0.8Fe2Se2 Rb0.8Fe2SeS 

Correlation-tuned superconductivity in RbxFe2(Se,S)2 

29 M. Wang, M. Yi et al. PRB 93, 075155 (2016) 

Rb 

S 
Fe 

Se 

No charge carrier doping 

band slope ~ electron velocity 
faster electrons  

– weak correlations 
slower electrons  

– strong correlations 

Non-superconducting Superconducting 



The curious case of doped iron chalcogenide superconductors 

Spin fluctuations at the Fermi 
surface nesting vector (π, π) 

Iron-pnictides Doped Iron-chalcogenides 

Lack of electron and hole Fermi 
surface nesting conditions 

Q	of	AF	order	
Q	of	spin	resonance	 Q	of	spin	resonance	



Evidence for sign-reversed pairing 
symmetry in in KxFe2-ySe2 
 
Spin resonant mode below 2Δ in the 
superconducting state 

Q. Wang et al., Phys. Rev. Lett. 116, 197004 (2016). 

Spin resonant mode in KxFe2-ySe2  

Photo of a KFe2-ySe2 single crystal  
used for the INS measurement 



Transition from sign-reversed to sign-preserved Cooper 
pairing in KxFe2-y(Se1-zSz)2 

Q. Wang et al., Phys. Rev. Lett. 116, 197004 (2016). 

Multiple pairing channels are required to 
understand the superconductivity in this 
system 

sign-reversed (z=0) to sign-preserved (z=0.5) pairing 





Iron Pnictides and Chalcogenides 
§  Parent	Materials	are	antiferromagnetic	semi-metals	or	narrow		
band	gap	semiconductors.	

§ Magnetic	and	structural	transitions	are	intimately	connected.		The	
structural	(aka	nematic)	transition	lifts	the	degeneracy	of	the	dxz	
and	dyz	orbitals.			

	
§  Local	orthorhombicity	(a.k.a.	nematicity)	persists	to	temperatures	
far	above	the	magnetic	and	superconducting	transition	
temperatures.	

§  In	the	parent	materials	at	low	temperatures	the	magnetic	
exchange	interactions	appear	to	be	universal.	

§  Antiferromagnetism	and	superconductivity	compete.	

§  Phase	diagrams	have	a	remarkable	similarity	to	those	of	the	
copper	oxides.	

	
Question:	Is	there	a	universal	model?	

	



Lessons 

§  The	most	interesting	developments	in	solid	state	physics,	
including	especially	superconductivity,	have	originated	either	
from	the	discovery	of	new	materials	or	the	discovery	of	new	
properties	of	old	materials.	

§  These	materials	require	experimental	studies	with	many	
different	probes	plus	sophisticated	theory.		So	far	there	has	
been	no	silver	bullet.			


