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Introduction - |

The fundamental Fermi quasi-particle characteristics: e, s=1/2, m.(®,T)

m,-bare mass ~ LDA band mass

Mx = (1+7\')mb A contains all interactions,

among them the pairing interaction

y = (1 + }‘)Vb How to map out it ?

A -mass enhancement factor,
coupling constant (EM)

Y, = % m?k?; N(O)
N(0) -DOS at the Fermi level

Physical quantities affected by the mass renormalization:
*Fermi velocities

Linear electronic specific heat C.,=vT

*Condensate density, penetration depth (plasma frequency)
*Slope of the upper critical field near T,



Introduction-Il

Enhancement vs. coupling strength relevant for superconductivity?

My = (1+}“’*el-b + }“’*el-el)mb bare mass = band mass
y=00+ My,

Y, = % m°k?g N(O)

A -mass enhancement factor,
coupling constant (EM)

N(0) -DOS at the Fermi level
ms = (1+}\’el-b)(1+ }\,e|_e| )mb

®? oc N(0)e?<v?>;goc 1/m*

2 oc Xy 55)Ni(0)@2<v2>gq oc X 1/m*™,

for multiband systems , N.(0) partial DOS



No simple correlation between T_and mass renormalization

Specific heat
Optics

ARPES whole
ARPES sheets
dHVA

\%
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1‘ Ba , K FeAs, <— X (doping/Fe) --> Ba(Fe,  Co,),As,

Fe*25: KFe,As, Fe™
[——Z—==71] (Ca,N)-122

Fe*3: Mott insulator ? taken from F. de Medici




Two steps of mass renormalization

High-energy: Coulomb + Hund
Low-energy: el-boson interaction
(spin-fluctuations, phonons, etc.)
Eliashberg-Migdal theory

DMFT-prediction for pnictides:
Yin, Haule & Kotliar (2011)

m*/mb ~ 2.5 '3

Warning: different renormalization
for different orbitals (bands)! Fe 3d, |

1- Te 5 i 122 1111 122 [Fe
;z"‘ &, L
AT ES ST TN

Compounds

Figure 1 | Ordered magnetic moments and mass enhancements in
iron-based compounds. 8 The DFT +DMFT caloulated and
experimental®™® ron magnetic moments in the SDW and DSOW states
Also shown is the calcul sted fluctuating moment in the paramagnetic (PM)
state b, The DFT +DMFT-calculst ed mass enhanc ement m* Sy, o of the
inon 34 or bitals in the paramagnetic state and the low-energy effective
mass enhancement obtained from optical spectroscopy experiments™ ¥
and {angleresclved) photoemission spectroscopy experiments 22



Phenomenological description of the (lower)
high-energy mass renormalization

—— i 0.5 : : :
Heavily hole doped (Ca,Na)Fe,As, | | Bfgi‘;‘iﬁggrg;;he
041 /N or of the Iwasawa
approximation
Eq. (1) ?
Kel-el(o) =-0Re X el-el ((D)/ 0 CO|co:O 2r _ -
< \ ?
7\,e|_e|(0) - OSBUd 0 0
=25+3 1 peder
0 01 02 03 04 05 0 05 r 5
/Uy Uy
Self-energy: e
Lol o= 90/(@?+in2? , (1) lwasawa (2013) 4d-metal Sr,RuQO,

Mg (0) = 1.6 = 1.9
U, =1.2:1.5¢eV

g = 0.5Bn? Aere(0) =2.5+3
Fe 3d

T] ~ Ud = 2 EV .
B - empirical factor B = 2 53 V-1



Our quantitative approach

 Comparison of DOS (specific heat) and dHVA
 Comparison of calculated and unscreened
plasma frequencies at high-temperature

and low-temperature as seen in the
penetration depth or the uSR—dataatT->0

With an unscreened plasma frequency of (2,=1.33 eV derived from reflictivity data
for an optimally doped La-1111 polycrystalline sample we obtained

Mot elb= AstApy & 110 1.2 ie. no strong coupling (Drechsler2008)



Bare (LDA) plasma frequencies

material DFT || (ab) &, (exp) | 2, (exp) mass ratio

LaOFeAs 1.95. 2.3 10 1.29-1.33 2.3-2.6
90, +2. (0.6)

SrFe,As, 2.8 14 1.9 2.2

La Sr, Fe,As, 28

SrFe, Co0,As, 2.7

BaFe,As, 2.63 14.9 1.58- 2.07 1.6-2.77

K,Ba, ,[Fe,As, 1.5;1.6,1.9 1.92-2.7

2.63 +0.2

CaFe,As, 2.95

KFe,As, 29 2.27- 1.94 1.63-2.23

NaFeAs 2.68

LiFeAs 2.9

LaOFeP 2.37-2.57 10 1.85 1.64-1.95

a-Fe 6.85 3.72-4.9 1.95-34

Our estimate for the
high-energy mass

renormalization



ARPES: Evtushinsky (2013)
) s
Cay.3,Nag gsFeAS, - T3
optimal doping: T.= 34K at high doping A ~— _/

Effective model: 2 hole + 1 electron-FSS

LDA(FPLO): s

@ )
2 ERETAN
L = |
“ 0.145 [1076 m/s] 0.326
Band 44 @ \
I -1

0.175 [1076 m/s] 0.253

. |
0.189 [1076 m/s] 0.445

3 hole- FSS 2 electron-FSS



Ca, 3,Na, csFe,As, — specific heat fit

3-band model for the electronic specific heat

Fitting: parameters:

S —
3 partial DOS o4l ﬂl f(a) :'Ei i T (b)
z | ."‘I' - S = 4l
3 coupling constants: @ ol J,./ '.U« "1 — ph “lnsl 4 \
1intraband (el-ph) 0 25 50 75 1002 % 40 20 30
2 interband (el-sf) 50 Energy (meV) T (K)
Ag1= Ayy= Agg = 0.45 ZE‘ 40f
7\«13='1, )‘12= '0-1’ )323=0 (_\% 207
Aot = 0.9 £ 0
T (A ph=0) =19 K S -20]
<]
T.(A ,=0)= 5K ol

T(A ppt A ) = 34K

0.25 0.5 0.75 1
T/,

High T_ without strong coupling !

3 gaps predicted:
A=7.2 meV, A,=2.3 meV, A;=7.1 meV in accord with recent ARPES data (Evtushinsky 2013)



Remaining problems: significant deviations in the PDOS for band 44 (2)
between our fit and the LDA (FPLO) calculations by a factor of 2

-]

N

Fe 3d322_ 2
— Fe 3dxy
Fe 3dxz_y2
—— Fe 3d total PDOS
As 4p total PDOS
== Total PDOS

= = Total DOS
— Fe 31:1xz+3dyz

«o’s | — Fe3d  Fe3d,

Partial DOS
T h T

.
.
"ena

one LDA-band starts to fail

precursor of the K122 problems ?



KFe,As, (K-122)

SH & LDA: large mass enhancement (me) =9 !!

Where does it come from ?

dHVA (Terashima2013): highly nonuniform me 2.2 — 24!l
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FIG. 3. (Color online) Comparison of FSs obtained by
ARPES and those predicted by band-structure caleulation.
{a),(b) FSs determined by ARPES. kg positions in Fig. 2
have been symmetrized in the first BZ. (c).(d) FSs given by
the band-structure calculation. A small FS around the Z
nnint comes from a threeedimensional dos hand shown in Fie

TABLE 1. Cross-sectional areas and effective masses of FSs
of KFeaAss determined by ARPES and dHvA experiment.
The areas are expressed as a percentage of the area of the
210 BZ. m,. and m; are the free-electron and band masses,

respectively.
FS k. Area m* fm. (m* /my)
ARPES dHvA LDA| ARPES dHvA LDA
a  I'|[9.1 8.2 208(5.1(2.0) 6.0 (2.3) 2.6
£ |08 8.6 21.6(6.6(2.3) 6.5 (2.2) 2.9
¢ (122 10.3 12.211.0 (7.9) 8.5 (6.1) 1.4
£ 117.0 15.7 13.8| 9.6 (4.0) 18 (7.5 2.4
g (273 16.7 | 16.3 (6.3) 2.6
£ 130.0 17.4 117.9 (6.9) 2.6
e I'|21 0.86 0.11 5.6 (18.7) 6.0 (20) 0.3
£ 1.29 0.36 7.2 (24) 0.3




LDA-problems in describing K-122

1. wrong sequence of bands near I

2. wrong FSS cross sections

3. Large shifts band shifts required
(e.g. +0.6 eV for the 3d,, orbitals

and down shifts for the remaining

orbitals to keep charge neutrality

TABLE 1. Cross-sectional areas and effective masses of FSs
of KFezAse determined by ARPES and dHvA experiment.
The areas are expressed as a percentage of the area of the
2 BZ. m, and my are the free-electron and band masses,

respectively.
F5 k. ATEA m* fm, (m* [my)
ARPES dHvA LDA| ARPES dHwv A LDA
a [0 8.2 208|651 (2.0 6.0 (2.3) 2.6
£19.8 8.6 216(6.6(2.3) 6.5 (2.2) 29
¢ Irfi1zz 103 12.2|11.0(7.9) 8.5 (6.1) 1.4
Z117.0 157 13.8| 0.6 (4.0) 18 (7.5) 24
g TI'(27.3 16.7|16.3 (6.3) 2.6
£ 130.0 17.4|17.9 (6.9) 2.6
e I'f21 0.86 0.11|5.6 (18.7) 6.0 (200 0.3
Z 129 0.36 7.2 (24) 0.3

Energy relative to E_ (eV)

Energy relative to £, (eV)

1.5 20

s 10
k (n/a)

FIG. 1. Band dispersions of KFe;As, in the zone diagonal
direction. (a),(b) ARPES spectra taken at hy= 25eV and
30eV, respectively, corresponding to k:=6.5 and 7.0 (2w /c).
SS denotes surface states. (¢) Band dispersions predicted by
band-structure calculation.



Selected Mottness and its consequences for the orbital dependent
high-energy mass enhancement

20

mass enhancement
et et
=2 L
1 1

L
T

5 a2 34 2.6 2.8 B 62
(hole doping) total filling (elecomron doping)

Approaching the Mott-transition at n,=5 (Fe*3), the mass start to diverge



Rather different high-energy (?) band renormalizations
Terashima2013

| mJ/moI Cl

4 4 20-24
propeller & x9.6=38. 0- 18.7 20 3
inner cylinder 9.1 2.3 2
04 5 4.05 Nen = 2 54
C 27.6 7.9 6.1 like for other
square
weakly correlated
N 5 4.05 Ve
X2-y2 pnictides
rounded big 19.2 6.3-6.9 6.6
square B Ney = 3.35
d,y like for more
Total 94 correlated
pnictides

From Eliashberg-analysis A,y , = 0.97, A, =0.6, A, = 0.17



Possible phase diagram

K Fe,AS,

Mott-AFM
Partial-Mott-AFM

1 04 02 0.0
Charge Carriers/Fe

Avci et al. PRB 85, 184507 (2012)



Remarks on other pnictides

LiFeAs : s, -wave T=18K, A, ,= 0.6, A, =0.2

el-ph

no strong coupling ! From fitting the el-specific heat & quasi- particle interference

Optimally doped (B a,K)F62A82: from LDA + spec. heat data (Popovic, 2011) we have:

No room left for high-energy renormalizations !

Electron (Co) doped Ba-122:

(1+Ag  MNcpy= 2 +3
s one way out: a pseudo-gap ???

In some of these systems pseudo-gap like features have been observed!



Summary & Outlook

. Three Fe-pnictide SC (1111, 122, 111) can be well described by the
multiband s,-Eliashberg-theory at intermediate coupling strength

. High-energy mass renormalization is always important!

Strong constraint for the strong el-boson coupling

. Approaching the overdoped hole region, different high-energy
renormalizations for different bands — special role of Fe 3 d, - orbitals
K122 multiband d-wave model proposed

. What about the Rb-122 and Cs-122? Mott transition for a single
band ?

. More studies of disorder effects includung magnetic impurities are
necessary

. What about the real high-T_ (45- 56 K) superconductors, selenides

and tellurides?



Selected Mottness
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