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Phenomenological theory of the anomalous normal-state transport properties of iron pnictides
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We employ the phenomenological theory of the quasiparticle relaxation based on the simplified two-band
description and the spin-fluctuation mediated interband coupling to analyze recent normal-state transport data
in electron-doped iron pnictides, in particular the Ba(Fe;_,Co,),As, family. The temperature and doping
dependence of the resistivity, thermopower, and the Hall constant are evaluated. We show that their anomalous
behavior emerging from experiments can be consistently described within the same framework assuming also
“marginal,” i.e., non-Fermi-liquid-like spin fluctuations provided, however, that the interband coupling is quite
strong. We also show that a large thermopower as experimentally observed results from an asymmetric energy-
dependent quasiparticle relaxation rate and due to the semimetallic character of both bands.
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I. INTRODUCTION

The novel class of iron-based superconductors (SCs)
(Refs. 1 and 2) reveals besides the high SC transition tem-
perature 7, also several normal-state properties which are
inconsistent with the usual Fermi-liquid (FL) description of
metals. Regarding transport properties, magnetic ordering
and spin fluctuations as well as the presumable unconven-
tional SC iron pnictides (IPs) are quite close to SC cuprates.
In the latter class at least part of the anomalous behavior
emerges from the proximity to the Mott-Hubbard insulator’
and from strong correlations, i.e., strong electron-electron
Coulomb repulsion. On the other hand, in IPs correlations
seem to be less severe so the common point might be pro-
nounced low-frequency spin fluctuations and a strong cou-
pling of charge carriers to such collective modes.

The experimental evidence for the magnetic order and
fluctuations comes most directly from elastic and inelastic
neutron scattering (INS) showing the commensurate spin-
density-wave (SDW), i.e., the antiferromagnetic (AFM)
long-range order in the parent compounds.* Recent INS re-
sults also confirm strong and anomalous AFM normal-state
spin fluctuations® as well as the resonant magnetic mode®’
analogous to the well known phenomenon in SC cuprates.
That spin fluctuations do not obey normal FL behavior fol-
lows also from NMR-relaxation results.’’

The IPs show generally large normal-state dc electrical
resistivity p(7). Its systematics has been first studied in the
family emerging from the parent (undoped) compound Ln-
FeAsO (LFAO) with a variety of lantanides Ln=Ce-Dy
where the electron doping has been achieved either by dop-
ing with F, e.g., in LnFeAsO,_,F, (LFAO)'*'? or via the
oxygen deficiency LnFeAsO,_,."> Generally p(T) is very
high comparable to underdoped cuprates.'* The behavior
changes from a SDW semimetal x,y <0.05 over to the inter-
mediate regime x,y~0.1 with a nearly linear law p« T, into
the overdoped regime with more FL-like po T2 behavior for
y>0.2. It is not yet evident to what extent very large p(T)
are due to polycrystalline character or measured samples
since only recently single-crystal data become available.'?
On the other hand, similar behavior appears in recently stud-
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ied single-crystal class of electron-doped (so-called 122)
family AE(Fe,;_,TM,),As, where various alkali elements
AE=Ba, Sr, and Ca and transition metals (TM=Co,Cu) are
at present explored. In the following we will mostly concen-
trate on the Ba(Fe,;_,Co,),As, (BaFeCoAs) compound most
investigated so far where x represents an effective electron
doping. In this system the qualitative behavior of p(7) is
similar to LFAO results although the values are substantially
smaller.'®!7 At the same time, the thermopower S(7) is far
from FL behavior So T, both in the LFAO (Refs. 10 and 11)
and in BaFeCoAs.'® The values become comparable to non-
degenerate electrons, i.e., |S|~sy=kpz/eg=86 uV/K with
the maximum typically at 7~ 100 K, again resembling un-
derdoped cuprates.'® A similar message is emerging from
strongly T-dependent Hall constant R(T) in LFAO (Ref. 20)
and in BaFeCoAs.!'6!"

Our aim is to extend the phenomenological analysis based
on the simplified two-band model coupled via spin fluctua-
tions as introduced previously?! and apply it for a semiquan-
titative description of the transport properties of the electron-
doped IPs, here focusing on the BaFeCoAs compound.
Starting with the evaluation of the anomalous 7" dependence
of the quasiparticle (QP) damping rates, in particular in the
electron band I'“(w), we analyze within the same framework
the dc transport quantities p(7), S(T), and Ry(T). To explain
anomalous p(7) it is essential to assume quite strong cou-
pling to non-FL-type spin fluctuations. On the other hand,
large S(T) can emerge only via a very asymmetric ['(w) and
due to the semimetal character (low effective Fermi energies)
of both bands. The previous approach?! is here upgraded
with an explicit evaluation of T-dependent I'*(w) and corre-
sponding dc transport quantities without further simplifica-
tions. Qualitatively one can follow the development from a
non-FL behavior to a more normal FL-type regime by chang-
ing the carrier concentration and the character of the input
spin fluctuations by introducing a crossover temperature 7~
controlling the extent of non-FL vs normal FL behavior thus
simulating the experimental findings in BaFeCoAs as well as
in the LFAO system.

In Sec. I we describe the phenomenological model as
introduced previously?! and give some justification based on
a more complete microscopic model. Section III presents the
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lowest-order approximation for the QP damping I'(w) being
the central ingredient for the understanding of the transport
properties where its temperature and energy dependence are
essentially controlled by the (phenomenological) ansatz for
the spin-fluctuations mediated interband coupling as noted
above. In Sec. IV basic equations for the dc transport quan-
tities are presented. Results in different regimes of relevant
parameters follow in Sec. V with a discussion of the ap-
proach and results in Sec. VL.

II. TWO-BAND MODEL

For the present analysis we adopt a simplified 2D model
for IPs (Ref. 21) taking into account only two bands, an
electron (e) band and a hole (h) band, both crossing the
Fermi surface®>* and coupled via spin fluctuations.?' In the
folded Brillouin zone?>? the h-like and e-like pockets are at
k~0 and k~Q=(, ), respectively,

Hef == 2 (gicliscks + gﬁdltsdks)
K,s

1
_ il
+ [y E mquq . o-m'ck—q,sdkx' + H.C., (1)
A kq,ss’

and cy,dy, (£¢,7") refer to electrons in e-like and h-like
bands, respectively.

The following justification can be given for the above
phenomenological model. The realistic electronic model for
2D 1IPs includes several (e.g., five) bands emerging from d
orbitals of Fe. The interaction term is very complicated in
general. Still the low-energy description (in the case of weak
or modest electron-electron interactions) should contain only
both bands at the Fermi surface (FS). So one of the relevant
interaction terms generating the interband coupling in Eq. (1)
can be written as®®

ﬁ= E ﬁcltsd;’s’dk"s’ck”'r (2)
The origin of the above interaction resides within a more
complete multiorbital model, the interorbital and intraorbital
Hubbard interactions U and V, respectively, as well as in the
Hund’s coupling Jy. The effective interaction, Eq. (2), could
be rewritten as the coupling to a fluctuating SDW field

Sq = ijz a-ss’cltsdk+qs’ . (3)
kss’

The SDW fluctuation Sq should have in general, e.g., for the
relevant g~ Q a finite projection on the usual spin operator
Sq (emerging from local moments), but this remains to be
shown by an explicit consideration within the full multior-
bital model for IPs.

II1. QUASIPARTICLE DAMPING

In the evaluation of the transport properties we follow the
approach introduced previously.?! We first consider the cor-
responding Green’s functions for o=e,h [d=(h,e)] elec-
trons Gy(w)=[w*— € —27(w)]™", where €=y — u. The self-
energies 3y(w) are evaluated within the lowest-order
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perturbation in the interband coupling, Eq. (1), induced by

spin fluctuations entering via dynamical spin susceptibility
Xq(®),

dodwo, Ay .
2;:((1)) — 32 miqf f wLT w2g12 k—q(wl)Xq(wZ) ’
q

W— W — W,
1 Bw, Bw,

= R =—|th— +cth——|. 4

g1 = glw),w)) 2{ 2 C 2 (4)

To proceed we make several simplifications, which are ex-
pected to apply to IPs in the low-doping regime close to the
AFM (in the folded zone) instability, i.e., in the system with-
out long-range AFM order. The spin fluctuations X:;(a)) in the
normal phase are assumed to be centered at q ~Q=(m, )
and broad enough in the q space relative to h/e pockets. This
is indeed well visible in recent INS results for the BaFeCoAs
system.” Hence, we replace yq(w) ~ xo(w)=x(w). Since the
relevant e/h bands form only small pocketlike FS we neglect
in the low o regime also the k dependences of the self-
energies; i.e., we replace 3 (w) ~ %“(w) whereby k~0 and
k ~ Q are relevant for the h and e bands, respectively. Hence,
with the local character of the self-energies the spectral func-
tion A} (w)=A%(€,, w) can be expressed as

A%(g,w) =— %TIm[Q‘T(w) -+ T’ (w)]™", (5)

with Q%(w)=w-Re 2%(w)=w/Z°(w) and T%(w)=
—Im 2%(w). Note that Z°(w) and I'?(w) play the role of the
QP weight and the QP damping, respectively.

The above approximations simplify the expression for the
QP damping as it follows from Eq. (4),%!

3 _
I'(w) = Enizf do'g(w— o', 0" )N’ (0—- 0" ("), (6)

where the effective interband coupling is 7~ mgq=mg o
and N’(w)=(2/N)ZA}(w) are the e/h band single-particle
densities of states (DOS).

Within the present analysis spin fluctuations are taken as a
phenomenological input. In analogy with the anomalous QP
and transport properties of cuprates® we assume that the ori-
gin is in the non-FL character of X;(w) and a strong coupling
of carriers to the latter. Indeed, recent INS results in electron-
doped BaFeCoAs indicate a behavior very close to the one
for marginal FL.> For generality we therefore assume further
on the form

w

Y (w)= WC(w)thm,

()

where C(w) is (for T°=0) the (symmetrized) dynamical spin
correlation function. While 7°=0 yields the marginal FL
(Ref. 27) dynamical fluctuations, we can simulate with T*
>( the transition to the normal FL regime for low T<<T".
For simplicity also a smooth cutoff on C(w)=C, is imposed
for w> w".
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IV. DC TRANSPORT QUANTITIES

dc electrical conductivity o, and the thermopower S can
be expressed via general transport coefficients. For the iso-
tropic transport in 2D and assuming separate contributions of
both bands, transport coefficients L{, can be expressed
within the linear-response theory in terms of spectral
functions®® provided also that vertex corrections are ne-
glected,

ln ao) fdwwn l_Ag( ) (8)

with the Fermi function f=1/[exp(w/T)+1] and v o-band
velocities (a=x,y). Due to the k-independent 2.?(w) and Eq.
(5) the actual expressions have the same form as used within
the dynamical-mean-field theory,?

LY =- wf f dwded)“(e)w"_lﬂ[Ag(E,w)]29
dw

¢7(e) = —E (") dle~ &). )

With known L, one can express the final dc conductivity
2 2(re h
O'0=€OL1|=EO(L”+L” N (10)
as well as the thermopower

Ll2
TL,,’

(11)

S 0="—"150
Wher<.3 l,'12=Lf2+L}1’2 and sy=kg/ . o
Within the same framework and approximations an analo-

gous expression for the Hall conductivity has also been
derived3®3! and applied to nontrivial models3?33

d
ol =-a J f dwde¢g(e)d—£[A”(e,w)]3, (12)

where ol =2m2¢}B/3 and

de
13
Gir= E(ak ) ak2 (13)
Again, within the two-band model o, =07, +0'h and
Oy
R - _X.L' 14
H BO'(Z) ( )

It should be, however, recognized that Eq. (12) obtained via
the linearization of the linear response in an external mag-
netic field B> 0 is less explored [as compared with transport
coefficients Eq. (8)] and only partly tested in situations with
nontrivial I'’(w)#I'J, in particular in the presence of
correlations.**

Transport quantities depend only on the QP properties
close to the Fermi surface. Hence, we assume in the follow-
ing calculations the simplified form for the unperturbed e/h
bands, i.e., with 2D parabolic dispersions,
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€ =€) — k%, (15)

with (unrenormalized) effective masses m?=1/(2¢") (with
lattice constant ap=1) and the unperturbed DOS N
=1/(2mt°). Corresponding ¢, ¢y, functions follow from
Egs. (9) and (13),

e _ e 2
6§ =€+ 1.k,

¢7(e) =21%€e— €J|Ny, dy(e) =

On the other hand, the final DOS entering Eq. (6) involves
the effects of nontrivial 2?(w) and is evaluated as

+207¢%(e).  (16)

2 de
R
(@) W< m Ow) - e+il'(w)
2 { . Q7 — e+ W7 . 07— ¢
= arc —arc ,
w8 e £ e

(17)

where W?=4mt7 is the bandwidth within the parabolic ap-
proximation. In addition, we assume that the densities of
electrons within the e/h bands, i.e., n,=x, and n,=1-x,, x;
being the density of holes, are fixed separately, so that at
each 7>0 the sum rule,

=fdwf(w)Na(w), (18)

should be satisfied leading in principle to a nontrivial shift of
€ (T) in Eq. (15) (with respect to the chemical potential).

V. RESULTS

The above equations fully determine the evaluation pro-
cedure for %%(w) at any T and consequently of transport
quantities py(T),S(T),Ry(T). The main input parameters are
the e/h concentrations x,,x;, and the corresponding 7. We
note that coupling to spin fluctuations has a meaningful di-
mensionless coupling constant

g0=7ﬁ2C0\rM0N8. (19)

In addition, results depend also on the FL temperature 7° in
Eq. (7) and on the cutoff w”, the latter mainly influencing
low-w behavior through the QP weight Z(w).

In the following we consider the electron-doped case x,
> Xy, as relevant, e.g., for the electron-doped BaFeCoAs. Ob-
viously, here the transport properties are dominated by the
transport within the e-type band, although at high 7 also hole
pockets contribute partially. On the other hand, we realize
that in such a case the treatment of minority (h) carriers is
oversimplified, since even at modest g,<<1 the hole QPs
become heavily renormalized Z"(w)<1 influencing also
MN'(w). The latter could be an artifact of the lowest-order
approximation for the QP damping, Eq. (6). To avoid rather
unphysical properties of hole QP, we introduce for the latter
a simplification Th(w)=Tz. Note that I influences results
only indirectly, i.e., entering the dominant e-band damping
I'(w) via M(w). At the same time, the hole contribution to
dc transport quantities remains subleading provided that Fg
>T1"“(w~0), in particular at low T.
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FIG. 1. (Color online) Electron-band QP damping I'*(w) for
various T for the intermediate doping. Horizontal line represents the
chosen hole damping Fg.

Our aim is to show that the presented phenomenological
theory can consistently as well as semiquantitatively account
for the anomalous non-FL normal-state transport properties
of (electron-doped) IPs, in particular for the large and
T-linear p(T), large thermopower S(7) reaching quasiclassi-
cal values |S|~s,, and T-dependent R(7T). Evidently, in the
absence of a better understood microscopic model and rel-
evant input parameters as the effective spin fluctuations, all
varying between materials and different doping levels, we
here mainly consider various possibilities and regimes which
emerge from our analysis.

While displaying different regimes we fix some param-
eters. In the following we choose (unrenormalized) band pa-
rameters 7,=0.4 eV and #,=0.3 eV and spin-fluctuation cut-
off w*=0.5 eV. Actual levels of carrier concentrations x,,x;,
are not directly known in particular materials, since the dop-
ing x, e.g., with Co in BaFeTM As, generally gives only par-
tial information on x=x,—x;,. To explain the anomalous prop-
erties it is, however, essential that x;, is low leading to a very
asymmetric damping I'(w) and consequently to large values
of S(T). On the other hand, a disappearance of x,—0 re-
duces strongly the scattering within the e band and the trans-
port is expected to become more FL-like.

Evidently, the crucial parameter is the coupling strength
go- It most directly influences the resistivity p(7) and in par-
ticular its derivative dp(T)/dT. To account quantitatively for
T~300 K experimental results for BaFeCoAs, we require
modest go~ O(1) as discussed further on. On the other hand,
much larger resistivities within the LFAO family indicate
substantially larger go> 1, as analyzed previously.?! It should
be noted that due to constant I} and x, iterations of Eq. (4)
are not needed but still w should for each T separately be
determined to keep x, fixed.

Let us start with the case representing presumably the
anomalous intermediate doping. For actual results presented
in Figs. 1 and 2 we choose fixed concentrations x,=0.2, x;
=0.08 while the remaining parameters are g,=1.6, T°=0, and
I''=0.07 eV. In Fig. 1 we first present the variation of ['*(w)
around w~ 0 for various 7. Since T"=0 the general behavior
is of the MFL-type, i.e., roughly I'“ccmax(|w|,T).>' But as
well important is a pronounced asymmetry with respect to
w=0 which emerges from low x;,<<1 and from the strong
scattering on w-dependent N". The corresponding p(T)/p,
and S(7)/S, are presented in Fig. 2. Note that within a 2D
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FIG. 2. (Color online) The resistivity p(7T)/py (full line; left
scale) and the thermopower S(7)/S, (dashed line; right scale) for
the intermediate electron-doped IPs.

layer pO:ﬁ/e§=4l.5 kQ. For actual BaFeCoAs materials
with the interlayer distance ¢y~ 1.3 nm this corresponds to
Po=copo~0.5 m{) cm. As a consequence of the MFL-type
I'(w) also p(T) displays a linear variation for lower T
<300 K with a tendency to a saturation at higher 7. Even
more anomalous is S(7) reaching a minimum at low T
~150 K with anomalously large (for a metal) value S~
—0.5s,. The decrease in |S| at higher T results mainly from
the compensation effect between e-band and h-band contri-
butions.

The effect of a nonzero FL temperature 7* in Eq. (7) is
presented in Fig. 3. At T"=0 the MFL-type variation is evi-
dent in the linear resistivity poc T in Fig. 3(a). Finite 7°>0
induces more normal FL-type variation po T2 for T<<T*. At
the same time also the S(7) changes gradually from an
anomalously large and nonmonotonous variation at 7°=0
into more normal FL-type ST for large 7°=1000 K. The
Hall constant r(T)=R(T)/RY, (where R%=V,/e?, V, being
the volume of the unit cell) is less sensitive on the non-FL
behavior. Still it shows pronounced T variation for 7"=0
emerging from a nontrivial electron/hole compensation and
linear p,(T)oT. Finally, at large T* one sees in Fig. 3(c)
rather constant ry(T)oc—1/x, as appropriate for a normal
metal.

As last, we discuss the variation with the electron doping
on,. We assume as the parent system the semimetal with
finite x2=x2=0.15. The effect of doping leads then to an
increase in x, where we take for simplicity xe:x8+ on,/2 and
accordingly x,=x,— dn,. Since our treatment with a constant
F’(’) and without the possibility of an AFM ordering is not
adapted for an undoped system, we consider here only a
limited range on,=0.1-0.2. The change in p(7) in Fig. 4(a)
is quite dramatic at on,=0.2. This is a direct consequence of
nearly vanishing x,~0 where the interband scattering be-
comes ineffective at low w. Such a situation in real IPs cor-
responds to the well overdoped case. Clearly, our simplified
analysis becomes insufficient beyond this point. Also S(7)
shows a similar trend, since at highest doping it becomes
entirely FL-like with S=aT with a modest a.

Finally, let us turn to the comparison of our results with
the experimental data on electron-doped IPs. Due to the phe-
nomenological character of our theory as well as different IP
material classes with quite different properties only a semi-
quantitative comparison makes sense. Our central goal is to
reproduce quite systematic variation of transport properties

115121-4



PHENOMENOLOGICAL THEORY OF THE ANOMALOUS...

3 T T T

p/p,

_30 1 1 1 1 | 1 1 1 1
0 250 500

T [K]

FIG. 3. (Color online) (a) Resistivity p(T)/py, (b) thermopower
S(T)/Sy, and (c) the Hall constant Ry(T)/ ROH for different Fermi-
liquid temperatures 7* and fixed concentrations x,=0.2, x,=0.08.

with doping, from low electron doping over the intermediate
regime (optimal doping with highest 7.) to the overdoped
one where SC disappears and IPs become rather normal FL-
type metals. In our approach the doping dependence enters
primarily through the electron/hole concentration difference
on,. But as well, it is plausible that also the spin-fluctuation
spectra ¥"'(w) change, being strong and anomalous at low
doping, and on the other hand, at intermediate doping weaker
and more FL-type in the low-w regime. Within our analysis
we can partly simulate the latter development with increas-
ing T".

In the most challenging intermediate-doping regime our
transport results match reasonably recent experiments on
single crystals of the Co-doped BaFe,As, compound. Note
that BaFeCoAs with x=0.1 at 7=300 K typically reveal p
~0.3 mQ cm with a rather T-linear variation and corre-
sponding slope dp/dT~0.5 uf) cm/K.'*18 As shown in
Fig. 2(a) the value (note that py=0.5 m{) cm) and the slope
are reproduced within a factor of 3—4. While the magnitude
of p is mostly governed by the spin-fermion coupling g, and
can be fitted to experiments accordingly, it is essential that
our analysis also reproduces the anomalous variation of S(7).
Recent data on BaFeCoAs at x~0.15 reveal an abrupt in-
crease in electronlike thermopower with a maximum value
|S| ~0.6sy at T=T,~ 100 K.'8 For T> T, || is decreasing in
value. Both these features as well as values are well repro-
duced in Fig. 2(b).
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FIG. 4. (Color online) (a) Resistivity p(T)/py, (b) thermopower
S(T)/ S, and (c) the Hall constant RH(T)/R% for T#=0 and various
electron doping dn, with respect to the parent x2=x2=0.15 case.

With increasing Co doping in BaFeCoAs, x> 0.1, the re-
sistivity behavior becomes closer to p(T)T? not so much
reduced in value at 7~300 K.'®!7 In our analysis this cor-
responds to a change obtained by increasing the FL tempera-
ture 7°>0 with a simultaneous increase in dn, as presented
in Figs. 3(a) and 4(a). Even more pronounced change in
character is in S(7) (Ref. 18) since it reduces in value, loses
the minimum, and becomes FL-like, i.e., S=a7. Such a de-
velopment is well visible in Figs. 3(b) and 4(b) since both
increasing 7°>0 and dn, lead to a crossover to a normal FL
with a moderate slope .

Experiments on the Hall constant reveal an electronlike
R;<0 with a pronounced 7 dependence'”'8 which reduces
in the overdoped regime where at the same time it becomes
consistent with the quasiclassical picture Ry/ Rg,~—1 /X,
Our results in Figs. 3(c) and 4(c) show that both 7°>0 as
well as on,>0 lead to a constant FL-like Rj. The particular
value at T— 0 from our analysis is less reliable. While at
weak coupling we recover the expected Ry/ R2,~ —1/x, (for
p.<<py) the value can deviate for larger coupling since the
approximations do not satisfy the Luttinger-volume sum rule.
Note, however, that also the basic approximation Eq. (12) is
not well understood yet.30-32

Qualitatively similar results for transport quantities have
been previously obtained for polycrystalline samples of the
electron-doped LFAO family'? discussed previously within
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the same phenomenological framework.?! While our present
data with assumed parameters would quite well match the
measured S(7),'° reported p(T) as well as the slope dp/dT
(Ref. 12) are higher than in BaFeCoAs by a factor ~5. It
seems indicative that also recent single-crystal data!> do not
reduce these values. From our present analysis this would
require larger go> 1 which could open the question of enter-
ing the (too) strong coupling regime.

VI. DISCUSSION

In conclusion, let us first put the present theoretical ap-
proach and its possible extensions in the perspective of re-
lated theoretical approaches, in particular those treating the
QP, magnetic, and transport quantities in IPs. In contrast to
many attempts to start with a more complete microscopic
model,”? our approach is restricted to the simplest prototype
two-band model coupled via spin fluctuations. These are
taken as a phenomenological input of the marginal FL type
whose deviation from the normal FL behavior is controlled
by the crossover temperature 7°. Our analysis clearly indi-
cates that the coupling appears not to be weak [at least as
deduced from observed p(7)] and that spin fluctuations are
quite strong in the low-w regime as evidenced by INS
experiments.’ It is therefore expected that our analysis can
go beyond the weak-coupling approximation, being the ba-
sis, e.g., for a random-phase-approximation-type treatment
of many-orbital models. The latter has been tested so far
mostly on reproducing the proper band structure and on a
qualitative description of relevant normal-state instabilities,
in particular the most challenging SC onset. Evidently, our
approach goes beyond the simple nesting scenario of the QP
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damping as well as of the SC pairing since in the latter wave
vector (k,q) dependences would play an essential role.

Interpreting our results for anomalous transport properties
of IPs, we argue that they emerge as the interplay of several
ingredients. First of all, observed p(T) requires large inter-
band coupling since the transport becomes quite normal and
modest when the electron doping depletes the hole band, i.e.,
on approaching x;,~ 0. The magnetic origin of the coupling
is quite natural since it is intimately connected to the AFM
(SDW) instability in the parent material and leads to an anal-
ogy with the physics of SC cuprates.

Highly nontrivial S(T) in our analysis can be mostly re-
lated to two effects: (a) asymmetric variation of the QP
damping I'“(w) being the consequence of asymmetric DOS
N'(w) due to the closeness of the top of the hole band; and
(b) small eg which plays a role of the electron Fermi energy
entering directly the expected FL behavior S~ 7T/ 362.

There are still several open questions even within the pre-
sented framework. Generally, stronger interband coupling
leads to strong damping of minority QP which requires the
treatment beyond the weak coupling. The same obstacle
arises in the treatment of the parent and a weakly doped
semimetal, where also experiments indicate very incoherent
transport above 7> T.. Also, a comparison with experimen-
tal results for particular compounds could lead to refined
models to reach a closer quantitative agreement.
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