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Introduction - I
The fundamental Fermi quasi-particle characteristics: e, s=1/2, m*(,T)
mb-bare mass  LDA band mass

m* = (1+)mb

 contains all interactions,
among them the pairing interaction
How to map out it ?
 -mass enhancement factor,
coupling constant (EM)

N(0) -DOS at the Fermi level
Physical quantities affected by the mass renormalization:
•Fermi velocities
•Linear electronic specific heat

Cel = T

2pl=₄/₃2ne2/m*

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

Introduction-II
Enhancement vs. coupling strength relevant for superconductivity?

m* = (1+*el-b + *el-el)mb
 -mass enhancement factor,
coupling constant (EM)

m* = (1+el-b)(1+ el-el )mb

N(0) -DOS at the Fermi level

2pl  N(0)e2<v2>FSS  1/m*
2pl  i=1,3(5)Ni(0)e2<v2>FSS(i)  i 1/m*i
for multiband systems , Ni(0) partial DOS

No simple correlation between Tc and mass renormalization
Specific heat
Optics
ARPES whole
ARPES sheets
dHvA

Fe+2.5 : KFe2As2
Fe+3: Mott insulator ?

Fe+2
(Ca,N)-122
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 3dxy !

Phenomenological description of the (lower)
high-energy mass renormalization
Breakdown of the
quasi-particle
or of the Iwasawa
approximation
Eq. (1) ?

Heavily hole doped (Ca,Na)Fe2As2
el-el(0) = - Re  el-el ( )/ =0

el-el(0) = 0.5Ud
= 2.5  3

Self-energy:

el − el = g/(2+i2)2
g=

0.52

,

(1)

Iwasawa (2013) 4d-metal

el-el (0) = 2.5  3

  Ud = 2 eV

Sr2RuO4

el-el (0) = 1.6  1.9

Fe 3d

Ud = 1.21.5 eV

 - empirical factor

 = 2.53 eV-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 SR – data at T -> 0
With an unscreened plasma frequency of pl=1.33 eV derived from reflictivity data
for an optimally doped La-1111 polycrystalline sample we obtained

tot,el-b= sf+ph  1 to 1.2

i.e. no strong coupling (Drechsler2008)
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ARPES: Evtushinsky (2013)

Ca0.32Na0.68Fe2As2 -I
optimal doping: Tc = 34 K at high doping
Effective model: 2 hole + 1 electron-FSS

LDA(FPLO):

band 1

band 3
Band 44

band 2

3 hole- FSS

2 electron-FSS

Ca0.32Na0.68Fe2As2 – specific heat fit
3-band model for the electronic specific heat
Fitting: parameters:
3 partial DOS
3 coupling constants:
1 intraband (el-ph)
2 interband (el-sf)

11= 22= 33 = 0.45
13=-1, 12= -0.1, 23=0
tot = 0.9
Tc( ph=0) = 19 K
Tc( sf=0) = 5 K
Tc( ph+  sf) = 34 K
High Tc without strong coupling !

3 gaps predicted:
1=7.2 meV, 2=2.3 meV, 3=7.1 meV in accord with recent ARPES data (Evtushinsky 2013)

Ca0.32Na0.68Fe2As2 -III
Remaining problems: significant deviations in the PDOS for band 44 (2)
between our fit and the LDA (FPLO) calculations by a factor of 2

one LDA-band starts to fail
precursor of the K122 problems ?

KFe2As2 (K-122)
SH & LDA: large mass enhancement (me)  9 !!
Where does it come from ?
dHvA (Terashima2013): highly nonuniform me 2.2 – 24 !!

LDA-problems in describing K-122
1. wrong sequence of bands near 
2.

wrong FSS cross sections

3. Large shifts band shifts required
(e.g. +0.6 eV for the 3dxy orbitals
and down shifts for the remaining
orbitals to keep charge neutrality

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

optimally doped x = 0.35
el (Co)-doped

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

Rather different high-energy (?) band renormalizations
Terashima2013
FSS
propeller
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From Eliashberg-analysis tot,b = 0.97, sf =0.6, ph = 0.17

CH = 2.54
like for other
weakly correlated
pnictides

CH = 3.35
like for more
correlated
pnictides

Possible phase diagram

K1-xFe2As2

Mott-AFM

-1

Partial-Mott-AFM

Remarks on other pnictides
LiFeAs : s± - wave, Tc=18 K, tot, b  0.6, el-ph 0.2
no strong coupling ! From fitting the el-specific heat & quasi- particle interference
Optimally doped (Ba,K)Fe2As2: from LDA + spec. heat data (Popovic, 2011) we have:

(1+el-b)CH  5  el-b  1  1.5 , if CH  2 2.5
No room left for high-energy renormalizations !

Electron (Co) doped Ba-122:
(1+el-b)CH  2 3

one way out: a pseudo-gap ???

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

Summary & Outlook
1. Three Fe-pnictide SC (1111, 122, 111) can be well described by the
multiband s-Eliashberg-theory at intermediate coupling strength
2. High-energy mass renormalization is always important!
Strong constraint for the strong el-boson coupling

3. Approaching the overdoped hole region, different high-energy
renormalizations for different bands – special role of Fe 3 dxy- orbitals
4. K122 multiband d-wave model proposed
1. What about the Rb-122 and Cs-122? Mott transition for a single
band ?
2. More studies of disorder effects includung magnetic impurities are
necessary
3. What about the real high-Tc (45- 56 K) superconductors, selenides
and tellurides?

Selected Mottness

