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Essentially physics of FeAs layers!
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FeAs tetrahedra form two-dimensional layers surrounded by LaO, Ba or Li.
Fe ions inside tetrahedra form a square lattice.
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LDA band structure of tetragonal LaOFeAs

Essentially multiband
problem
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FeAs systems:
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The simplest model accounting for distinct electron and hole Fermi surfaces would
be a model in the 1-Fe zone with parabolic dispersions
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Fermi Surface and Band Renormalization in (Sr.K)Fe,As; Superconductor from
Angle-Resolved Photoemission Spectroscopy

Haiyun Liu!', Wentao Zhang!, Lin Zhao!, Xiaowen Jial, Jiangiao Meng!, Guodong Liu!, Xiacli
Dong!, G. F. Chen®, J. L. Luo®, N. L. Wang®, Wei Lu', Guiling Wang®, Yong Zhou®, Yong

Zhut, Xiaoyang Wang?, Zhongxian Zhao!, Zuyan Xu®, Clhuangtian Chen?, X. J. Zhou!*

arXiv: 0806.4806

Three hole cylinders!
T.=21 K

Band narrowing due to correlations?
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LDA+DMFT: strong or intermediate correlations?

PHYSICAL REVIEW B 80, 092501 {2009)

Classification of the electronic correlation strength in the iron pnictides: The case of the parent
compound BaFe;As,

5. L. Skornyakov,! A. V. Efremov,! N. A. Skorikov,! M. A. Korotin,'! Yu. A. Izyvumov,! V. I Anisimov,! A. V. Kozhevnikov,”

and D. Vollhardt®
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FIG. 3. (Color online) The k-resolved total spectral function
Alk .w) of BaFe;As, near the I' and X points in the Brillonin zone
15 depicted as a contour plot. Upper panel: LDA+DMFT spectral
function including the rencrmalized band structure (circles) ob-
tained by plotting the peak positions of the spectral function
Alk.w). Lower panel: The corresponding experimental ARPES in-
tensity map of Liu er al. (Ref. 29).



arXiv: 0807.3370 Phonons

Phonon Density of States of LaFeAsO,_,F, Inelastic neutron seattering and lattice dynamical caleulations in BaFezAs;
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Superconducting gap — ARPES data
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arXiv: 0807.0419

Schematic picture of superconducting gaps in Ba, (K, ,Fe,As,. Lower picture represents

Fermi surfaces (ARPES intensity), upper insert — temperature dependence of gaps at different
sheets of the Fermi surface.
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Momentum dependence of the superconducting gap in Ba,_ K Fe,As,

D. V. Evtushinsky,! D. §. Inosov,%2 V B. Zabolotyy,! A. Koitzsch,! M. Knupfer,! B. Biichner,! G. L. Sun,?
V. Hinkov,? A. V. Boris,” C.T Lin,* B. Keimer,® A. Varykhalov,” A. A. Kordyuk,* and S.V Borisenko'
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Angle, dEgI‘E!E:

Angle, degree

Ref. num. 2 3 4 5 6  Thispaper
T. 53K 37K 35K 53K 37K 32K

Inner '-barrel 20 12512 15 12 92+1

Outer I'-barrel — 55 8 — 6 <4

X-pocket — 12510 — 11 9&£2

Blades — — 11) — — ~9

Gap anisotropy — <3 2 <5 <3 <15

Table I: Momentum dependence of the superconducting gap in
iron-arsenic superconductors, as revealed by ARPES studies from
five independent groups, sorted by the time of appearance on the
arXivorg., Values of the gap and estimates of the gap anisotropy
on the inner I'-barrel are given in millielectron-volts.

Ref. num. 2 3 4 5 6 7 & O Thispaper

Largegap 9 8.1 82 68 75 3.7 96 4 68
Smallgap — 3.6 55 — 3.9 — 3.4 — <3

Table I1: Coupling strength, 2A/ kg T, in iron-arsenic superconduc-
tors, as revealed by different experimental techniques — compare
to the BSC universal value 3.53. Most of the available studies re-
veal two superconducting gaps of different magnitudes, which are
represented in the table as “large” and “small”. Refs. 2, 3, 4, 5,6
are ARPES studies, Refs. 7, 8 are Andreev spectroscopy studies,
Ref. 9 is a specific heat study.
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Iron based superconductors: magnetism, superconductivity and electronic structure

(Review Article) ArXiv:1209.0140

A A Kordyuk
Institute of Metal Physics of National Academy of Sciences of Ukraine, 05142 Kyiv, Ukraine
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Superconductivity in the PbO-type Structure a—FeSe

ArXiv: 0807.2369, 0807.4315, 0807.4775

ArXiv:0807.4312
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A(A=K,Cs,...)Fe2Se2: a New Class?

PHYSICAL REVIEW B 82, 180520(R) (2010)
dog
>
Superconductivity in the iron selenide K,Fe,Se, (0=x=1.0)

Jiangang Guo,' Shifeng Jin,! Gang Wang,' Shunchong Wang,! Kaixing Zhu,' Tingting Zhou,! Meng He,? and Xiaolong Chen'
'Research & Development Center for Functional Crystals, Beijing National Laboratory for Condensed Matter Physics,
Institute of Physics, Chinese Academy of Sciences, P.O. Box 603, Beijing 100190, China
INational Centre for Nanoscience and Technology, Beijing 100190, China
(Received 4 October 2010; revised manuscript received 11 November 2010; published 29 November 2010)

50 ' ; — Synthesis and crystal growth of Csy g(FeSey o),: 2 new iron-based
al '-;:. | superconductor with T=27K
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FIG. 3. The temperature dependence of electrical resistance for
K +1 Fe+2 Se_2 ) the K gFe,Se, crystal sample. The lower inset shows the details of

X 2 2" superconducting transition from 10 to 40 K. The upper inset shows
temperature dependence of normal-state Hall coefficient for crystal
sample.

Vacancies?




Pis'ma v ZhETF, vol. 93, iss. 3, pp. 182- 185 €y 2011 February 10

Electronic structure, topological phase transitions and
superconductivity in (K,Cs),Fe,Se,

I. A. Nekrasov!!, M. V. Sadovskii')

Institute for Electrophysics RAS, Ural Branch, 620016 Ekaterinburg, Russia
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K.FesSes (black lines) and Cs.FesSes (gray lines). The For 20% hole doped Cs compound we get similar picture
Fermi level is at zero energy. Additional horizontal lines with smaller volume FS sheets of the same topology. For
correspond to Fermi level position for the case of 20% and r = 0.6 both K and Cs new FeSe materials have Fermi
60% hole doping surfaces quite similar to those in Bal22 iron pnictide



Common Fermi Surface Topology and Nodeless Superconducting Gap in KjggFeq Ses
and (Tly:Kqa4)Feq54Ses Superconductors Revealed from Angle-Resolved

ArXiv: 1102.1057

Lin Zhao!, Daixiang Mou', Shanyu Lin?, Xiaowen Jia!, Junfeng He', Yingying Peng!, Li
Yu', Xu Liu', Guodong Liu', Shaclong He!, Xiaoli Dong!, Jun Zhang!, J. B. He?, D). M.
Wang?, G. F. Chen?, J. G. Guo!, X. L. Chen!, Xiaoyang Wang®, Qinjun Peng®, Zhimin
Wang?, Shenjin Zhang®, Feng Yang®, Zuyan Xu®*, Chuangtian Chen® and X. J. Zhou'+*

Photoemission Spectroscopy

! Beijing National Laboratory for Condensed Matter Physics,
Institute af Physics, Chinese Academy of Sciences, Beifing 100190, China
? Department of Physics, Renmin University of China, Beijing 100872, China

% Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190, China

(Dated: February 5, 2011)
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FIG. 1: Fermi surface mapping of KossFei1.7a0Se2 supercon-
ductor (T.=32 K)(a) and (Tlo.4sKo.31)Fe1.815e2 supercon-
ductor (T.=28 K) (b) measured by using hr=21.2 &V light
source. Near the M({mx,7) pomt, one Fermi surface sheet 1s
clearly observed which i1s marked as v (for the sake of clarity,
we refer the four equivalent M points in the first BZ as M1,
M2, M3 and M4). Near the I'(0,0) point, in addition to a tiny
Fermi pocket observed which 1s marked as o, a weak large
Fermi surface sheet (marked as ) 1s also discernable.
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Observation of Temperature-Induced Crossover to an Orbital-Selective Mott Phase in
A, Fe, ,Se, (A=K, Rb) Superconductors

M. Yi.'? D.H. Lu.® R. Yu,* S. C. Riggs,'»? J.-H. Chu,%? B. Lv.® Z. Liun,"2 M. Lu,%»® Y .-T. Cui,!
M. Hashimoto,* S.-K. Mo,” Z. Hussain,” C. W. Chu,® LR. Fisher,""? Q. Si.* and Z.-X. Shen'?

ArXiv:1208.5192
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Measured electronic structure of KyFea_,Ses. (a) Fermi surface mapping by integrating 20meV window about EF.
(ireen lines outline the 2-Fe Brillouin zone. (b),(d) Spectral images and (¢),(e) second derivatives taken along the I'-X direction
using light polarizations as marked. (f)-(g), equivalent of that of (b}-(c) for Ba{Cog.o7Feq a3)2As2. (h) Schematic of the dominant
orbital characters of the two electron pockets of the same size near X point, with one of the pockets (dotted) imploded for
clarity. (i) LDA caleculations [27] for KF'S with the dominant orbital characters labeled. (j)-(1), Spectral images taken across
the X-point under different polarizations and cut directions. Guides to eye for the observable bands are overlaid, with colors
indicating the dominant orbital characters-blue: dgy; red: dg;; green: dy;. All data taken at 30K, with 47.5eV photons except
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|.A.Nekrasov, N.S.Pavlov
M.V.Sadovskii, ArXiv:1211.3499
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Doping K, Fe,_
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Energy, eV
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arXiv:1304.6030

TABLE I: Quasiparticle mass renormalization and energy shift (in eV, in round brackets) for

different bare Fe-3d LDA' arbitals for different hole doping levels n, in the energy interval (-1.0;0.4).

Orhital chracter

n,=26.52

n,=27.20

0, =28.00

Xy

1.5 (-0.23)

3.9 (-0.73)

2.65 (-0.61

)

xz,vz (1)

42 (-0.78)

3.0 (-0.75)

2.6 (-0.60)

XZ,VZ (2)
XY, X2,VZ

3% (1)

2.3 (-0.48)
1.2 (-0.10)

47 (-0.85)

2.5 (-0.60)
1.3 (-0.10)

2.0 (-0.30)

2.6 (-0.60)
1.3 (-0.10)

1.3 (-0.03)

14 (-0.17)

1.25 (0.0)
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A(A=K,Cs,...)Fe2Se2: a New AFM Superconductor

A Novel Large Moment Antiferromagnetic Order in KjsFe; Se; Superconductor

Wei Bao,!'* Q. Huang,2 G. F. Chen,! M. A. Green,2? D. M. Wang,! J. B. He,! X. Q. Wang,! and Y. Qiu®*

! Department of Physics, Renmin University of China, Beijing 100872, China
2NIST Center for Neutron Research, National Institute of Standards and Technology, Gaithersburg, MD 20899, USA
?Dept. of Materials Science and FEngineering, University of Maryland, College Park, MD 20742, USA

ArXiv: 1 1020830 (Dated: February 7, 2011)
| K,Fe,Se; ?

O Fe vacancy order site |K™',Fe™,Se?; !

- The superconducting composition
is identified as the iron vacancy ordered Kg sFeqy gSes with T, above 30 K. A novel large moment
3.31 pp/Fe antiferromagnetic order which conforms to the tetragonal crystal symmetry has the
unprecedentedly high an ordering temperature T == 559 K for a bulk superconductor.




Interface induced high temperature superconductivity in single unit-cell

FeSe films on SrTiO;

ArXiv:1201.5694
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The in-plane lattice constant 1s 3.8 A,
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Electronic

single layer FeSe
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Origin of High Temperature Superconductivity in
Single-Layer FeSe Superconductor

ArXiv:1202.5849

(Tlo.ssRbg a2 )Feq 725e2 superconductor (T,.=32 K)

The T, is still unusually high even considering the newly-discovered interca-

lated FeSe system A,Fe,_,Sep (A=K, Cs, Rb and TI) with a T, at 32 K
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LDA in single layer FeSe

Energy (eV)

|.A. Nekrasov (unpublished)
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Self — doping at the interface?

Er shift ~+0.25 eV (or 0.2 electron per Fe)




Tc and Density of States Correlation
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SrFFeAs 1.370 1426 38 36 Huctuations ete.), and A = g\ |‘EFJ.|.. 2 ig the dimen-
BaFe;As> 1.371 4.22 38 38 sionless pairing interaction constant (g is the appropri-
gjg;e; Z :j}g 4;%4 ;g ;? ate dimensional coupling constant). In the following we
KFe,Se» 1.45 3.94 34 31 take wp=350 K m rough accord with neutron scatter-
LiFeAs 1.505 3.86 31 18 ing experiments on phonon density of states for Lalll
FeSe 1.650 2.02 3 14 .




Simple model of multiple — band superconductivity

V. Barzykin, L.P. Gorkov. Pis'ma ZhETF 88, 142 (2008); arXiv: 0806.1993

TZ/ 83 (p— p")dp' Fi(wn, p') E(p) ﬂ

Tl U

4
A V. - a superconducting gap and DOS (3) (3) ,f
on the i-th sheet of the Fermi surface lD m

cnm s
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it A p [\
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Schematic electronic spectrum and Fermi surfaces of
FeAs superconductor in the extended band picture.

Vi - intraband and interband pairing coupling constants matrix.
A =peXeX = peYeY _ sairing interactions on the same electronic

pockets at point X or ¥, rij
eX,eY : . &3:—21’ ' I:’j&
M= Ve¥et _ connects electrons of different electronic pockets, _
. . s J
u = Vil o = ph2h2 Ly, = phlh2 - BCS interactions within
two hole-like pockets, T — 2ywe e—1/9c17
t = VheX = pheY _couple electrons at points X and /- ¢ T

H.Suhl, B.Matthias, L.\Walker
Phys.Rev.Lett. 3, 552 (1959) A — z A E. Z. Kuchinskii*!, M. V. Sadovskii'!
V.Moskalenko FMM 4, 503 (1959) Qe ff Hij Pis'ma v ZhETF, vol. 89, iss. 3, pp. 176180
arXiv: 0901.0164

Det(gi; — gesgdiz) =0
Secular equation, physical solution
corresponds to a maximal positive value of
J.s» Which determines the highest value of T,

— __Y/4.d
Gij = V L

Matrix of dimensionless
coupling constants



Effective coupling — from weak to strong?

+0 TE ' Effective coupling constant g_. is significantly
| o o larger than the pairing constant g on the small
hole - like cylinder. It can be said that coupling
constants from different cylinders effectively
produce “additive” effect. In fact this can lead to

] high enough values of T, even for relatively small
2,0 : T values of intraband and interband pairing constants.
1—(122) /
15 (1111) g _
101 g=-uv,=0.2 e * 9,5 I.(d,2 2pairing) < g, T, (s* pairing)
05| Wu=1, thu=-1
1 (2 +u)2u=1 o T !
00 u'/u
1 -1 IZIJ . ‘II 2
~u fu Value of T_in multiple bands systems is determined by
1. No interband pairing the relations between partial densities of states (and
g 0 0 0 pairing constants) on different sheets of the Fermi
0 go 0 0O @) surface, not only by the total density of states at the
H = = max(g; i
g 0 0 g3 O — G g Fermi level.
0 0 0 gy

2. All pairing interactions (both intraband and interband) are just the same - u, and all partial
densities of states on all four Fermi surface pockets are also the same - v,.

—» Gefr =49 =—4dwn | |5 there a nontrivial “optimal” band

R T T m—y
[N T A TR w—y
[E S TR T S —

1

g = —uv !
= —ury

1

1

structure (number of bands etc.)?




Ba 123 FeSe

Ba+2(Fe+2)2(Se'2)3 ArXiv: 1111.7046

Se
Fe

Se

Electronic and Magnetic Structure of Possible Iron Based

Superconductor BaFe;Se;

a)M. V. Medvedev, °I. A. Nekrasov, “PM. V. Sadovskiit!
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In case of magnetic structure with several collinear
magnetic sublattices Heisenberg model Hamiltonian for
classical spin vectors can be written as:

1 s
H=—3 > LingmSinSim =

i,nFELmM

1 O o \
=-3 E I‘i,n‘j‘mszei‘nej‘ms (1)

“in#1m

where Ij n j.m is exchange integral between site ¢ of sub-
lattice n and site 7 of sublattice m, S — classical spin
vector length and €; ,, is the unit vector of spin direction.
Self-consistent equations for thermodynamic averages of
spin z-projections oy, =< 57, > within mean-field ap-
proach can be linearized near Neel temperature T and
written as:

g4 .
Tnom = ?Zfin,jmgjm- (2)
jm

Due to translation invariance of the crystal the values
of 7y = g, are independent of site number in magnetic
sublattice. Then Neel temperature Ty is determined by
the solution of the full system of linear equations for oy,
for all magnetic sublattices.

Employing the caleulated values of exchange parame-
ters given (in K) in Fig. 4, together with caleulated
value of magnetic moment on iron pipe = 2.55up (cor-
responding classical spin vector valne 5=1.275), one
can get from Eqs. (5) and (6) the Neel temperature
Tr()=217K, which is quite close to the experimen-
tal value of Ty ~250K.



Pis'ma v ZhETF, vol. 92, iss. 11, pp. 833 - 836 (€ 2010 December 10

Electronic structure of novel multiple-band superconductor SrPt,As,

I A. Nekrasov'), M. V. Sadovskii'!

ArXiv: 1011.1746
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Fig. 4. LDA calculated FS for SrPtoAsy. a — all FS sheets together; b.e.d.e — separate view of each of four FS
sheets. Among these (b) is electron-like, (c) is hole-like and (d) and (e) are electron-like. f — crossection of FS at
r X I\"I r k.=0 with color coding corresponding to Fermi sheets b,e,d and e.




APt.P (A=Ca,Sr,La)

Pis'ma v ZhETF, vol. 96, iss. 4, pp. 243 — 246 (€ 2012 August 25

Electronic structure of new multiple band Pt-pnictide superconductors

APt3P ArXiv: 1205.5387

I. A. Nekrasovt!), M. V. Sadovskiit*1)

y

A M

Fig. 3. LDA calculated band dispersions in the vicinity of the Fermi level for SrPtaP (black line) and LaPtsP (gray line)
Fermi level is at zero energy As simple BCS expression for T, is probably too
crude, we also used the McMillan expression [19):

w [ 1.04(1 4 A) "

1. = —2 exp |— .
2 A= p*(1+0.624)

where p* is the Coulomb pseudopotential. Quite simi-
lar results were also obtained with Allen-Dynes formula
[20], considered to be the best interpolation expression
for T, in strongly coupled superconductors. Taking the
“optimistic” value of Coulomb pseudopotential u* = 0,
we repeat our previous analysis. Now Eq. (1) gives
A = 0.61 for S5rPt3P and corresponding T, = 5.6 K for
LaPt3P. Once we assume more typical value of p* = 0.1,
Fig. 4. LDA calculated Fermi surface for SrPt3P (a) and its separate sheets (b, c) we get A = 0.85 for SrPt3P and then T, = 5.4K for La

compound is obtained.



Sr(Ca,Ba)Pd,As,

Comparative Study of Electronic structure of New Superconductors
(Sr,Ca)Pd;As; and related compound BaPdj;As,.

o] A Nekrasovl) @*M V. Sadovskii®)

Jeege,  Twecs
_.6_" _ A ..‘;-__ 1 r
& i:.f L

Fig. 1. Crystal structure of (Sr,Ca)PdsAs: (left) and
BaPd;Ass (right). Blue balls are Sr Ba ions, green — As
and red — Pd.

a) b)

Fig. 4. LDA calculated FS for (Sr,Ca)PdsAs: (top) and BaPdsAse (bottom). a - all FS sheots together for both
systems; b,ed (top panel) - separate view of each of three FS sheets for (Sr.Ca)PdsAss; o (top panel) and b (lower
panel) — crossection of FS at k=0 for (Sr,CajPdzAsy and BaPdzAsy correspondingly.

ArXiv: 1305.3979
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MgFeGe puzzle

MgFeGe as an isoelectronic and isostructural analog of the superconductor LiFeAs
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PHYSICAL REVIEW B 85, 104403 (2012)

Xiaofeng Liu,! Satoru Matsuishi,” Satoru Fujitsu,! and Hideo Hosono

LiFeAs stucture!

Temperature (K)

dp."dT {arb. units)

12+

LiFeAs

MgFeGe

Contrast of LiFeAs with isostructural, isoelectronic,
and non-superconducting MgheGe

H. B. Rhee and W. E. Pickett ArXiv:1208.4180
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Berndt Matthias rules:

Six rules for a successful search for new superconductors:

1 . A high symmetry is good; cubic symmetry is the best.
2. A high density of electronic states is good.
3. Stay away from oxygen.

4. Stay away from magnetism.

5. Stay away from insulators.

6. Stay away from theorists.

All these rules (with possible exception of #6)
have been proven wrong in cuprates!



“Iron Age” rules (due to Mazin):

Present day theoretical advices:

1 . A high symmetry is good; cubic symmetry is the best.
New rule: Layered structures are good

2. A high density of electronic states is good.

New rule: Carrier density should not be too high

3. Stay away from oxygen.

New rule: 3d metals (V, Cr, Mn, Fe, Co, Ni, Cu) are good
4. Stay away from magnetism.

New rule: Antiferromagnetism is essential

5. Stay away from insulators.

New rule: Fermi surface geometry is essential (to match
with spin excitations?)

6. Stay away from theorists.

New rule: Enlist theorists, at least to compute the Fermi
surfaces!




What (if any) electronic structure (Fermi Surface) is helpful

for high Tc?

1. Low dimensionality?

2. Multiple bands?

3. High values of DOS at the Fermi level?
4. Nesting? Apparently Not !

5. And what about MgFeSe?!



Conclusions

« Total DOS at the Fermi level directly correlates with
T, but details depend on partial DOS’es

» AFe,Se, electronic spectrum is significantly different
from that of FeAs systems and pure FeSe

* No Nesting in AFe,Se, !
* AFe,Se, — more correlated!
 Single layer FeSe — T, ~ 50K

 New Pt,Pd — pnictide superconductors — multiple
band, but low T!

 Is where any “optimal electronic structure™?



