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ARPES maps band structure and Fermi surface
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The new iron-based high-Tc (up to 55K) superconductors

LaFeAs O1-xFx (Tc = 26K)
H. Hosono, Japan

Feb. 23, 2008

SmFeAs O1-xFx (Tc = 43K)
X.H. Chen, USTC, China
CeFeAs O1-xFx(Tc = 41K)
N.L. Wang, IOP, China

March 25-26, 2008

PrFeAs O1-xFx (Tc = 52K)
Z.X. Zhao, IOP, China

March 28, 2008



P. C. Dai, Nature 2008
W. Bao, arXiv:0807.3950

Neutron observation of stripe type SDW



ARPES studies of  5 kinds of “122” compounds
BaFe2As2 Ba1-xKxFe2As2

hole doped

electron doped
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1.  Optimally hole doped samples

Ba0.6K0.4Fe2As2

Tc = 37 K

Ba2+/K+



Calculated band structure and Fermi surface 



Band structure and Fermi surface

H. Ding et al.
arXiv: 0812.0534



d-wave in cuprates
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SC gap symmetry is crucial in understanding the SC mechanism



T-dependence of the SC gap at the α FS

2Δ/Tc ~ 7



T-dependence of the SC gap at the β FS

2Δ/Tc ~ 3.6



T-dependence of the SC gap at the γ FS

2Δ/Tc ~ 7



Momentum dependence of the superconducting gap



Fermi surface dependent but isotropic pairing

H. Ding et al., EPL 83, 47001 (2008) K. Nakayama et al., EPL 85, 67002 (2009)



Nodeless gap

�0/T hole-doped Ba1-xKxFe2As2 (Tc ~ 30 K)

k-dependent gap

X. G. Luo et al., PRB 80, 140503(R) (2009)

Nodeless gap confirmed by thermal conductivity



In optimally hole doped samples, quasi FS nesting
between the inner (α) hole pocket and the electron pockets

Strong pairing also happens to these FSs!

2Δ/kBTc = 7.7, 3.6, 7.7, and 7.2 
for    α,    β,    γ,   and  δ



Quasi Fermi surface nesting

V. Cvetkovic and Z. Tesanovic, EPL 85,37002 (2009)

Perfect FS nesting Quasi FS nesting

Or dynamic FS nesting, enhances χ0
/ (q,ω ≠ 0)



A FS-dependent kink observed in SC state 

P. Richard et al., PRL 
102, 047003 (2009)

A.D.Christianson et al., 
Nature 456, 930 (2008)Ω ~ 13 meV, similar to neutron resonance mode ~ 14 meV



Consistent with extended s± pairing 
model

M.M. Korshunov and I. Eremin, Phys. Rev. B 78, 140509 (R) (2008)



2. Optimally electron doped samples

BaFe1.85Co0.15As2 (Tc = 25.5 K)
Nominal Co = 0.2

Fe2+/Co3+



Band structure and FS in BaFe1.85Co0.15As2



Temperature dependence of the SC gaps

2Δβ/kBTc = 6

2Δδ/kBTc = 4.5



Momentum dependence of the SC gaps



In optimally electron doped samples, quasi FS nesting 
between the outer (β) hole pocket and the electron pockets

Strong pairing also happens to these FSs!
2Δ/kBTc = 6,  4.5

for     β,  γ(δ)
K. Terashima et al., PNAS 106, 7330 (2009)



Quasi FS nesting induced strong pairing

2Δβ/kBTc = 6

2Δβ/kBTc = 3.6
2Δα/kBTc = 7.7



Tc reduction

3. Collapse of Tc in heavily hole doped samples



Doping evolution of Fermi surfaces of Ba1-xKxFe2As2

T. Sato et al., PRL 103, 047002 (2009)



Band calc. (renormalized)

kz = π

Disappearance of electron FS pockets           collapse of Tc



4. Disappearance of Tc in heavily electron doped samples

BaFe1.7Co0.3As2

Tc < 2 K

Nominal Co = 0.4



Doping evolution of Fermi surfaces of BaFe2-xCoxAs2



Disappearance of hole FS pockets           collapse of Tc



Cartoon view of Cartoon view of 

what is happening in what is happening in pnictidespnictides



More realistic view of More realistic view of 

pnictidespnictideswhat is happening in what is happening in 



5. Underdoped Ba0.75K0.25Fe2As2 (Tc = 26 K)

Ba2+/K+



Comparison between UD and OPD samples

α β γ δ α’

OP ~4% ~18% ~2% ~4% ~4%

UD ~4% ~13% ~2% ~6% ~4%

OP : ~40% hole / 2Fe, nominal x = 0.40
UD : ~26% hole / 2Fe, nominal x = 0.25

Luttinger theorem is satisfied in both doping 



Superconducting gaps and their T-dependence

Δα ~ 8 meV Δδ/γ ~ 8 meVΔβ ~ 4 meV



FS-dependent QP suppression in underdoped pnictides



Antinode in cuprates vs nested FS in pnictides (hot spots) 

Cuprates

Pnictides



Node in cuprates vs β band in pnictides (cold spots) 
Cuprates Pnictides



A distinct pseudogap emerges on the nesting FS region

18 meV



T-dependent measurement of “pseudogap” on α band 

18 meV



Superconducting gaps scale with Tc

cuprates



Schematic diagram of hole-doped pnictides

cuprates



ConclusionsConclusions
• Our ARPES results support s± pairing

• Inter-FS scatterings play a crucial role in paring

• Fermi surface near-nesting enhances pairing

• In underdoped pnictides, SC gaps scale with Tc

• A distinct pseudogap emerges at the nesting FS 
regions, competing with SC

• Unified picture for pnictides and cuprates: 

AF fluctuations?
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