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We study the DC conductivity of iron-based superconductors within the orbital-selective spin
fluctuation scenario. Within this approach, the anisotropy of spin fluctuations below the spin-
nematic transition at T is also responsible for the orbital ordering, induced by nematic self-energy
corrections to the quasiparticle dispersion. As a consequence, the anisotropy of the DC conductivity
below T is determined not only by the anisotropy of the scattering rates as expected within a spin-
nematic scenario, but also by the modification of the Fermi velocity due to the orbital reconstruction.
More interestingly, it turns out that these two effects contribute to the DC-conductivity anisotropy
with opposite signs. By using realistic band-structure parameters we compute the conductivity
anisotropy for both 122 and FeSe compounds, discussing the possible origin of the different dc-
conductivity anisotropy observed experimentally in these two families of iron-based superconductors.

The driving force of electronic nematicity is one of
the most intriguing puzzles in iron-based superconduc-
tors (IBS). The structural transition from tetragonal to
orthorhombic at Ts comprised the nematic phase char-
acterized by a marked electronic anisotropy, much larger
than the one expected by the structural transition itself'.
In most iron pnictides the structural transition precedes
or coincides with the magnetic transition at Tx. The
proximity of the magnetic phase led to the proposal of
the band spin-nematic scenario®? where the spin fluc-
tuations (SF) at Qx = (7,0) and at Qy = (0,7) be-
come anisotropic below Ts. The lack of long-range mag-
netic order in FeSe has cast some doubts on the valid-
ity of the spin-nematic scenario in this compound. FeSe
presents a nematic phase below the structural transition
at Ts = 90K down to the critical superconducting tem-
perature 7T, ~ 9K. Even though a magnetic phase is
not stabilized in temperature, sizeable SF have been de-
tected also in FeSe*®. ARPES experiments in the ne-
matic phase report a momentum-modulated orbital split-
ting between the I' and M point of the Brillouin zone®
that has been interpreted via both the orbital-ordering
scenario!® 1% and the spin-nematic scenario'®. In this sit-
uation two related questions arise: what is the role of the
spin-orbital interplay and whether the origin of nematic-
ity is universal in IBS or material-dependent'” 1°.

Resistivity anisotropy is a hallmark of nematicity in
IBS. In detwinned electron(e)-doped 122 compounds
Ap = py — py < 0 is found below the struc-
tural transition?° 24 while detwinned hole(h)-doped com-
pounds present the opposite anisotropy?®. There is an
on-going debate in the literature on whether the ob-
served DC anisotropy is due to the anisotropy in the
scattering rate or to the anisotropy in Fermi Surface (FS)
parameters2®34. In principle, within an orbital-ordering
scenario the different occupation of the various orbitals
affects mainly the FS3°37  while within a spin-driven
scenario the largest effect is expected to come from an

anisotropy in the inelastic scattering rate?6:3%-4! | Specif-

ically, in the band spin-nematic scenario, depending on
the F'S shape and size, the band nesting is active at the
so called hot spots on the F'S, where the scattering rate is
maximum. It has been argued that the location of the hot
spots could explain the different signs between e-doped
compounds and h-doped compounds?® in pnictides. Be-
sides the spin-nematic or orbital order scenario, further
attempts to explain the DC anisotropy in pnictides tak-
ing into account the spin-orbital interplay has been per-
formed using effective spin-fermion model*? or multior-
bital microscopic model in the magnetic phase*3 5.

Recent experiments in FeSe have found the opposite
anisotropy with respect to the e-doped 122 compounds?6,
ie. Ap = pp —py > 0. Given the significant FS re-
construction observed in the nematic phase of FeSe?, we
need to revise the role of the scattering rate and velocity
anisotropies taking into account the spin-orbital inter-
play in order to theoretically address both pnictides and
FeSe. Within an orbital-ordering scenario, the opposite
anisotropy of the resistivity of 122 and FeSe compounds
in the nematic phase has been ascribed to the orbital-
dependent inelastic quasiparticle scattering by orbital-
dependent SF47. However, an analogous study of the
DC conductivity anisotropy within a spin-nematic sce-
nario accounting for the spin-orbital interplay and able
to address pnictides and FeSe, is still missing.

The aim of this work is then to provide an inter-
pretation for the observed differences, using as a start-
ing point the orbital-selective spin fluctuation (OSSF)
model. The model, derived in the itinerant approach'?,
exploits the original idea of the orbital selective charac-
ter of the SF in IBS discussed in Ref. [48]. Within the
OSSF model, due to the orbital composition of the FS
the SF peaked at Qx = (m,0) involve only the yz or-
bital, while the SF at Qy = (0,7) involve only the zz
orbital, Fig. 1. As in the spin-nematic scenario, the ne-
matic phase emerges when SF at Qx = (7,0) and at



Qy = (0,7) become anisotropic, however in the OSSF
model such anisotropy directly affects the yz/xz orbital
symmetry. The OSSF is a minimal model that explains
successfully the enhanced nematic tendency of FeSe as
compared to 122 systems'? and clarifies controversial ex-
perimental issues in FeSe such as the temperature evo-
lution of the FS of FeSe and the odd orbital order-
ing observed by ARPES experiments!®, the decrease of
the nematic critical temperature and the emergence of
magnetism in FeSe with pressure!® as recently observed
in®49:50 Moreover the analysis of the superconductivity
mediated by anisotropic OSSF®! successfully account for
the enigmatic anisotropy of the superconducting gap re-
vealed by STM®? and ARPES53%5 experiments in FeSe.

In this work we analyze, within the OSSF model,
the effect of anisotropic self-energy corrections on the
conductivity anisotropy in the nematic phase of IBS.
In contrast to the band spin-nematic scenario®?, where
just the scattering rate contributes to the conductivity
anisotropy, we found that also the velocity contributes.
The contribution of the scattering rate to the resistivity
anisotropy is dominated by the location of the cold spots
where the scattering rate is minimum (see Fig. 1), which,
within our model, is determined by the orbital composi-
tion of the FS and by the spin-orbital interplay of the
OSSF. The contribution of the velocity to the resistivity
anisotropy is counter-intuitive and opposite to the one of
the scattering rate. We find indeed that the conductiv-
ity is larger in the direction where the self-energy is also
larger. This interesting new effect is due to an orbital
character exchange in the pockets arising from the OSSF
self-energy in the nematic phase. Our study shows that
the sign of the anisotropy of the DC conductivity depends
on whether scattering rate or velocity anisotropy domi-
nates on each pocket, as well as other parameters such as
the ellipticity and the quasiparticle renormalization due
to local interactions®®. Thus, different experimental re-
sults among the various families of IBS can be explained
within the same OSSF scenario.

The structure of the paper is the following. In sec.I
we introduce the OSSF model. In sec.Il we outline the
calculation of the DC conductivity: in sec.II A we de-
rive analytical expressions for the DC anisotropy within
the perfectly-nested parabolic-band approximation; in
sec. ITB we discuss numerical results obtained using re-
alistic parameters for 122 compounds and FeSe i.e. ac-
counting for the effects of spin-orbit coupling and ellip-
tical e-pockets; in sec.II C we discuss our results in con-
nection to experiments in IBS. In sec. III we summarize
our results and draw the conclusions of our work.

I. MODEL

The OSSF low—energy model has been derived in de-
tailed in Ref. [19]. Here we summarize the main features
of the model, further details can be found in App. A.
The starting point is a general 4-pocket model with two

FIG. 1: General sketch of the orbital content of the Fermi
surface of the 4-pocket model for iron superconductors. The
green and red arrows show the OSSF with yz content in the
x-direction and xz content in the y-direction. Cold spots,
where the scattering rate is minimum, are shown by a circle
and they are found on the xy and xz orbitals in the nematic
phase due to anisotropic self-energy corrections. See text.

h-pockets at T, denoted as T'F, and two e-pockets at X
and Y. The model can be easily adapted to describe dif-
ferent compounds among the 122 and 11 families. The
kinetic part of the Hamiltonian is derived following the
low-energy approach considered in Ref. [57], where each
pocket is described using a spinor representation in the
orbital space.

Hy =Ygl By, Hy = hiydo +hic -7 (1)
k,o

with [ = I', X,Y and 7 the Pauli matrices represent-

ing the orbital pseudo-spin. The spinors are defined as
YL = (i, i) and wl)fg/y = (cif/”,cig). Rotating
the Hamiltonian into the band basis we have

l I+ fld I+
Hy = ZEk 611;(7 Cxo> (2)
k,o

where EIf = hl + hl, ki = |hL| are the band dis-
persions. The fermionic band operators ¢!* are obtained
rotating the orbital spinors via an unitary matrix .
Explicitly for the h-pockets at T', ¢'* = h* we have

()= (5 ) () = ()

where we have dropped the momentum and spin indices
for simplicity. Analogous expressions hold for the X/Y e-
pockets fermionic operators ¢X/Y* = ¢X/Y%_ Since only
the EX/Y+ band crosses the Fermi level at X/Y, in the
following we will drop the 4 subscript from e~/Y .

The interacting Hamiltonian simplifies substantially
once the spin-exchange interaction is projected at low-
energy'?8. The generic intraorbital spin operator reads
S4 = 2 kap (cﬁl&agcﬁJrqﬁ), with 5 the orbital index and



7 p the Pauli matrices for the spin. Thus, taking into ac-
count the orbital composition of the FS shown in Fig. 1,
the relevant intraorbital spin operator occur at momenta
q near Qx = (m,0) and Qy = (0,7), which connect a
h-pocket with the X and Y e-pockets respectively. Since
the only common orbital is the yz/zz along the z/y di-
rection the spin interaction reduces to

yz/xz yz/xz
Hing = — ZSX/Y Ox/y - (4)
Here, U is the intraorbital interaction renormalized at
low energy and S Xy = Sq Qx/v . The relevant magnetic

fluctuations peaked at Qx/Qy are orbital selective, as
sketched in Fig. 1, having only yz/xz orbital character:

(8-8)(Qx) = (S¥ -SX) ()
(S-8)(Qy) = (8¢"-S¥9) (6)

The SF exchange between h- and e-like pockets renor-
malizes the quasiparticles via single-particle self-energy
corrections. Within the OSSF model, due to the orbital-
selective nature of SF, this mechanism is also orbital de-
pendent. The self-energy corrections in the orbital basis
can be computed within an Eliashberg-like treatment!'6
for each pockets. For the h-pockets at I" we find

2P (w) = (2520(“) ng(w)) = 5 (W)Fo + Ty (w)7s, (7)

with X§ (w) = (8. (@) + 5. (@))/2, B3 (w) =
YL, (w))/2, while for the e-pockets we have

(3y:(w) =

A X/Y
XY (1) = (Zyz/SZ(w) 0) =5 @)+ 5 (@),

0

(8)
with X /Y( )= Eg(/y(w) = E;(Z//};Z (w)/2. In the tetrag-
onal state, above the structural transition, the isotropic
SF lead to equivalent self-energies for the Cy symmetric
rz/yz orbitals, i.e. I =0, and £ = XY In the ne-
matic phase the anisotropy of the OSSF below Ts gener-
ates a differentiation of the xz/yz self-energy corrections

Si(w) # 0
U5 (w) # 53 (w), 9)

and gives rise to an effective orbital nematicity. Eq.s (7)-
(8) are generic but their specific values are material de-
pendent and for FeSe were calculated at the RPA level
in Ref. [16]. The dressed Green’s functions are obtained
via the Dyson equation G (k,w) = G} (k,w) — 3!(w)
where G} ' (k,w) = wi — Hl(k). We diagonalize the
renormalized Green’s function via the unitary transfor-
mation Uk (k,w) defined as

Gl(k,w) = Uk (k,w)(wl — Al (k,w)) Uy (k,w). (10)

where AL, = diag(ELf, El7) and
E%(k,w) = hy+ 24 (w) £ A
r X W ko0 Rk,w

Moo = /(R + S5(w))2 + (hh)2 + (hb)2. (11)

Since the self-energy is a complex function, Eq. (11) ac-
counts both for the renormalization of the band disper-
sion

e (k,w) = ReEy (k,w) (12)

and for the renormalized scattering rate
% (k,w) = 6T + [ImE (k,w)| (13)

where we also added a residual constant broadening
term 0I'. Eq. (13) establishes a connection between the
scattering rate and the self-energy renormalizations con-
tained in E%. The qualitative behavior of the self-
energies in the nematic phase allows us to easily local-

ize the minimum value of Flﬁ on the FS, i.e. the cold
spots shown in Fig. 1. As we discussed in Ref. [16],
the reconstruction of the F'S below T is consistent with
the Ising-nematic spin-fluctuations being bigger at Qx
than at Qy. This implies that self-energy corrections
are stronger on the yz orbital than on the xz one. As a
consequence on the h-pockets the smaller scattering rate
corresponds to the zz orbital. On the e-pockets instead,
the smaller scattering rate is found for the xy orbital,
given the absence of xy-SF within our model. The re-
sult is an example of the spin-orbital interplay retained
by the OSSF approach that allows us to directly link the
cold spots position with the FS orbital character and is
not present in the band-based spin-nematic scenario?.

The rotation matrix UL (k,w) in Eq. (10), has a struc-
ture analogous to Eq. (3). The renormalized coherence
factors, ulR and v%, whose exact expressions are given
in App. A, depend now on the self-energies Eq.s (7)-(8).
The approximated expressions for uly, (w), vk (w) ob-
tained at low energy w by expanding in ¥ at the first
order read:

e l
g ()] =[P (1+ 2ReT () 112 )

() =o' (1- Lef?’( )

where we neglected the imaginary part of the self-energy
which approaches to zero at low energy and low temper-
ature. u! and v' are the bare coherence factors appearing
in Eq.(3) and detailed in App. A. From Eq. (14) one sees
that the correction term ~ ReX}(w) mixes the orbital
character in each pocket, i.e. contribute to ulR with a
term proportional to v! and viceversa. This effect of the
OSSF self-energy in the coherence factors will have im-
portant consequences for the renormalized velocities as
we will see in the following section.

(14)



II. DC CONDUCTIVITY

The DC conductivity is the Q — 0 limit of the longi-
tudinal optical conductivity given by

e? ImTIl,(q = 0,i8,, — Q)
Reoo () = —— 2 P , 15
e0,(0) v Q (15)
where o« = z,y, V is the unit-cell volume and II, is the
current-current correlation function that in the bubble

approximation reads

I (q,iQm) = 2TZTY[Gl(k — q/2,iwn) Vi
lkn

Gk + /2, iwn + Q) Vi ] (16)

Vﬁa = Oy, H} is the bare velocity operator and G (k, iwy,)
is the renormalized Green’s function defined in Eq. (10).
We rotate Eq.(16) in the band basis using Eq. (10), per-
form the trace and take the 2 — 0 limit. The a = z,y
component of the DC conductivity in the band basis,
OpCq = Zli aéi, is obtained from the sum over all

the pockets I =T, T'_, X, Y. The pocket conductivity
reads (see App. B for further details)

SIS [t ) )

(17)
In this basis the spectral function is diagonal
It
! 1 I (W)
A W) =~ B — (1)
(T (@) + (w — €pi(w))

with I‘lRi (w) and elﬁk(w) defined in Eq.s (12)-(13). VRka
in Eq.s (17) is the bare velocity operator rotated into the
band basis. As a consequence of the orbital structure we
have
Vi = Vi [ |” £ Vituitvld £ Vi ulpoly + V2 ol
(19)
Hereafter we omit the dependence on w for simplicity.
Vlig"/ are the nn’ component of the velocity and (u/v)k
are the renormalized coherence factors. Via the coher-
ence factors Vfﬁm depends on the 735 component of the
self-energies, ¥4 (w) that mixes the orbital content of each
pocket. This effect can be easily understood considering
the approximated expressions in Eq.s (14). By neglecting
the imaginary part of the self-energy in (u/v)%, Eq. (19)
can also be written as

l l
Vka = O€g (K)/Oka. (20)
In the T' — 0 limit we can approximate the Fermi func-

tion with a §(w) which selects only states at the Fermi

level w = 0. By further assuming F% to be small we
can also approximate the spectral functions with a delta
function and Eq. (17) reduces to

2 Vli )2
. _ € ( Rk, I
or =— E —=2" §(€py)- (21)
« N - I‘ll%ik Rk

A. Analytical calculation

To gain physical insight on the DC anisotropy and dis-
entangle the effect of the velocity and scattering rate in
Eq. (21), we estimate analytically o,. We approximate
the h- and e-bands with perfectly nested parabolic bands
and assume that the nematic order is small enough to
allow one for a perturbative expansion of the renormal-
ized energy E . We use a symmetric nematic splitting
around the 1sotr0p1c value ¥} in the tetragonal phase.
By expanding Eq.(11) at first order in the 73 self-energy
component we can estimate analytically for each pocket
Ve and Il via Eq.s (12), (13) and (20).

Deriving for example with respect k, the renormalized
energy of the pocket I'y we find

Vi, = —k%ff) + 4 Res* sin? 0" = b @
where m!+ is the bare mass of the I'y. pocket whose def-
inition in terms of the Hamiltonian parameters is given
in App.B. The first term on the r.h.s. of Eq.(22), is the
x-component of the bare velocity, while the second term
O(ReXlY) is an additional contribution due to the orbital
mixing induced by the nematic order as expected from
the (u,v), factors in Eq.(19). To compute the k integra-
tion in Eq. (21) we use the delta function and evaluate
V;;gz at the renormalized FS. Notice that, in the nematic

phase kgf (0) is no longer constant but gets deformed be-
cause of the anisotropic self-energy renormalization. This
effect is also of order O(ReX}) and has to be taken into
account. We estimate the change in the Fermi wave vec-
tor at the first order in the self-energy. Replacing the

*(0) into Eq. (22) we find

expression of k;
Rex} ReX}
Vs = Voo (1 + 008 205 — dsin® eeh?’) (23)
2¢q 2¢;

where VoLt = —koll;*g;/mF+ and €} = e 4+ ReX{ are the
velocity and the Fermi energy in the tetragonal phase
respectively. From Eq. (23), one sees that the bare
Fermi velocity in the nematic phase has two contribu-
tions O(ReX}) opposite in sign: the first one is due to

the change in k;f’, while the second one comes from the
orbital mixing produced by the nematic order. Analo-
gous calculation of the velocity contributions along y for
the I' as well as for the other pockets lead to similar ex-
pressions (see Eq.s (63) in App. B) with the band velocity
of the tetragonal phase renormalized by two additional
contributions O(ReX}) of opposite sign. The scattering
rate is analytically estimated from Eq.(13) using again
the expansion of E};* at the first order in ¥}

T (0) = TR + cos20|ImX}|. (24)
Here we separate the tetragonal phase scattering rate,
Il = 6T + |[Im%}], from the the angular-dependent cor-
rection due to the nematic effect ~ ImXY. The explicit



expression of the I'; pocket DC conductivity follows from
Eq. (21) using Eq.s (23)-(24):

h ReX  Rexi |[ImXi]
A A h
2¢; €0 2I°;

Wy @, @b art -
pr— 0- —_— — N
2eh €l 2Tk

Ly
x

g

e, Th and o = e%elt /(2mh)T} are respectively the Fermi
energy, the scattering rate and the DC conductivity in
the tetragonal phase. We also defined the real and imag-
inary part of the nematic order parameter for the h-
pockets (®" AT") as

RexL, — Rezgz

(Dh
2

= —Rezg,

ATh = |Im3L]|, (26)

taking also into account that stronger spin-fluctuation at
Qx implies ReXf < 0, so that now the nematic order
parameters are all positive defined.

Performing analogous calculations (see App. B) we de-
rive the DC conductivities along x and y for each pocket.
For the h-pockets we find:

h h h
e o5h(1 gig Art
7 U<:F266‘ & oo )

z/y
h h h
v, @ @b AD

In the absence of spin-orbit interaction the h-pockets
have the same €?, so they also have the same conduc-
tivity o” in the tetragonal phase. Additional terms pro-
portional to ®" and AT'" arise in the nematic phase and
make the conductivity different for the two h-pocket. As
extensively discussed within the calculation of the ve-
locity operator for the I'y pocket in Eq. (23), the ne-
matic order has two opposite effects O(®") in the veloc-
ity and this is reflected into the pocket DC conductivity
anisotropy as one sees from Eq.s (27). The first cor-

rection comes directly from the k;i changes due to the
nematic F'S reconstruction, while the second one, oppo-
site in sign, is due to the orbital mixing. Notice that
this last term also determine the overall sign of the cor-
rection ~ ®" in each pocket. Due to the xz/yz orbital
arrangement of the I'y FS, the two h-pockets contribute
with opposite sign to the conductivity anisotropy i.e. in
Eq. (27) we find the same sign of the nematic terms in
the conductivity along x of the I'; pocket and in the
conductivity along y of the I'_ one. In particular the
opposite sign of the contribution O(AI') giving nega-
tive/positive anisotropy for the I'y ,_ pocket is a direct
consequence of the cold-spots physics, Fig. 1, from where
we can easily infer the sign of the anisotropic contribu-
tion for I'y having in mind that lower scattering implies
a bigger conductivity. By computing the h-DC conduc-

tivity anisotropy, Ach® = gp® — 05 * we find:
h h
Aoht — oh (q’ _ AF)
e T4
oh ATh
A(Th7 = O'h (h h> . (28)
€0 g

The DC conductivity components for the e-pocket at
X read

X g1 ReXy,  [ImE,
z de§ arg )’
3RexX,  [ImXX
X e yT Yz
- 1 _ 29
9Dy =7 ( T e AT ) (29)

As already done in Eq. (??7) we defined the nematic cor-
rection with respect to the tetragonal z/y DC conduc-
tivities. of, are both equivalent to o¢ = e¢§/(2mh)I'§
since within the parabolic band approximation we ne-
glect the ellipticity of the e-pockets. The same expres-
sions of Eq.s (29) hold for the Y pocket once replaced
¥x, — XY, and k, — k,. Thus also the X/Y pockets
contribute with the opposite sign to the overall DC con-
ductivity. By defining the real and imaginary part of the
e-pocket nematic order parameter (®¢, AT'?):

ReXX — RexY,

[Im¥X | — [ImXY
Pe Yz AT = Yz zz

2 ’ 2

(30)

we can write the electronic DC conductivity anisotropy
Ac® = AoX + AcY as

d° AFS) (31)

Ae:e_i
o U(€8+F8

Also for the e-pockets we find that the renormalized ve-
locity and the scattering rate contribute with opposite
sign to the DC conductivity anisotropy. The balance be-
tween the two effects is controlled by the nematic order
parameters normalized to the Fermi energy and isotropic
scattering rate, respectively, i.e. ®¢/e§ vs A'?/T¢.
Summarizing, we computed analytically the anisotropy
of the DC conductivity of the various pockets using
the parabolic-band approximation. We find for all the
pockets that the anisotropy is given by a contribution
O(ReXx!') and another O(ImX!), opposite in sign with
respect to each other, whose relevance is controlled by
the values of @h/e/eg/e Vs AI‘h/e/Fg/e. Summing up
the h-and e-pockets Ac"™¢ we find that the sign of
the anisotropy of the total DC conductivity depends on
which pocket contributes more to the total conductivity
and on which effect, among the scattering rate and ve-
locity renormalization, dominates. Within the perfectly
nested parabolic band approximation, in which the two
h-pockets are equivalent, their anisotropic contributions,
Eq.s (28), are opposite in sign and cancel out, so that
the DC anisotropy is determined only by the e-pockets.



In this situation the overall sign of Ao depends on which
effect dominates in Ac®, Eq. (31) i.e. the anisotropy of
the velocity or the one of the scattering rate.

In real IBS systems, however, we need to account for
the presence of the spin-orbit interaction that splits the
h-pockets at I" and mixes their orbital content at the FS
already in the tetragonal phase. Moreover, the parabolic
band approximation is particularly inaccurate for the e-
pockets that are strongly elliptical in all IBS. Further-
more, especially for FeSe, the nematic self-energy com-
ponents Eé are not small'® thus the expansion of the
renormalized energy in 3} performed above is not longer
justified. For realistic cases then, we cannot use the
analytical expressions, Eq.s (23)-(24), and we need to
compute the DC conductivity from Eq.(21) using a nu-
merical estimate of the velocity and scattering rate from
Eq.s (11)-(13) and (20).

B. Beyond the analytical approach

We perform a numerical estimate of the conductivity
anisotropy using realistic parameters for 122 and FeSe
systems in order to assess the limits of validity of the an-
alytical expressions Eq.s (28) and (31) and qualitatively
discuss our results in the context of the experimental out-
comes found for 122 pnictides and FeSe. We assume for
both 122 and FeSe equivalent band-structure parameters
that results in the tetragonal FS shown in Fig.1. The
FS topology of FeSe with just the outer h-pocket cross-
ing the Fermi level at I" already in the tetragonal phase
is achieved in the calculation using a larger value of the
spin-orbit interaction as well as a larger values of the
real part of the self-energy renormalizations in agreement
with previous analysis!®. The numerical values of the pa-
rameters used in the following are detailed in App. C.

a. 122 pnictides 1In Fig. 2 we show for each pockets
the F'S wavevectors and velocities along x/y. To better
appreciate the changes induced by the nematic order we
plot in the first row the results for the tetragonal phase
and in the second ones the results obtained in the ne-
matic phase assuming ®" = ®° = 4 meV. The h-pockets,
circular in the tetragonal phase, are weakly deformed in
the nematic phase due to the small nematic order that
also makes the X/Y pockets slightly different (a-d panel).
The changes in the velocities for the I'.. pockets appear to
be quite small and do not follow monotonously the renor-
malization of the Fermi vectors as one could have ex-
pected (e-f panels). This is in agreement with the analyt-
ical calculation outlined above, where we found that the
renormalization in the velocities due to the orbital mixing
and the one coming from the Fermi vector renormaliza-
tion are opposite in sign, reducing the overall anisotropic
effect on the velocity (see Eq.(23)). Due to the ellipticity
of the FS, the e-pockets have anisotropic velocities al-
ready in the tetragonal phase (b-c panels) with the X/Y
pockets showing larger velocity along y/xz. No qualita-
tively changes are visible in the nematic phase (e-f pan-
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FIG. 2: Numerical computation of F'S wavevectors and veloc-
ity components for 122 system parameters in the tetragonal
and nematic phase. ®;, = ®. = 4 meV, the spin-orbit in-
teraction is 5 meV, other band parameters are detailed in
App. C. The kp are measured in units 1/a ~ 0.375 A, where
a = arere 1s the lattice constant of the 1-Fe unit cell. The
velocities are in eV.
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FIG. 3: Renormalized scattering rate (in meV) computed us-
ing realistic 122 system parameters. Here I'f = 3 meV and
e =2 meV. We fix AT and AT® considering the imaginary
part of the self-energy for each pocket changing proportionally
to the real part in the nematic phase (App. C).

els). In Fig. 3 we show for each pocket the scattering
rate obtained from Eq. (13). In the three panels we show
the tetragonal value, I'g, the nematic one I'p and their
difference. We find again a good agreement between the
analytical calculations and the numerical results for the
h-pockets. As in Eq. (24) the angular dependence of the
correction Fll;i — ng goes almost as a cos 26, even if the
weak ellipticity of the h-FS induced by the nematic or-
der causes minor deviations, e.g. the correction vanishes
for the I'y /T'_ slightly before/after m/4. No renormal-
izations are found along x/y for the X/Y pockets since,
within our model, no scattering is allowed in the zy chan-
nel (Fig.1). The location of the so-called cold spots i.e.
the position of the minima of the scattering rate for both
h- and e-pockets, does not change once a realistic F'S are
considered and corresponds to the ones shown in Fig.1.
We can disentangle the effect of the velocity and of
the scattering rate on the DC anisotropy by computing
Eq.(21) using a constant scattering rate. This result just
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FIG. 4: Numerical computation of the velocity contribution
to the DC conductivity anisotropy Aoy and of the total DC
conductivity anisotropy Ao for realistic parameter for 122. In
panels a-b we renormalized the pocket contributions to their
value in the tetragonal phase i.e. Aai,i (®"/¢ = 0) and analo-
gously in panels d-e. In ¢ and f panels instead we renormalize
the h- and e-contributions to the total tetragonal values, i.e.
OViot = Uv(<1>h/e =0) and oot = U((I)h/e =0).

account for the anisotropic effects coming from the ve-
locity so we will refer to it as Aoy . In Fig. 4 we show for
each pockets Aoy (a-c panels) and the complete conduc-
tivity anisotropy Ao (d-f panels) as a function of ®"/¢.
To easily compare the results of the numerics with the
analytical estimate of Eq.s (28) and (31) we renormal-
ized the hy/e pocket anisotropy in panels a-b and d-e
to their value in the tetragonal phase. In panel ¢ and f
we renormalize instead the h- and e-anisotropy to the to-
tal values of oy and o obtained summing all the pockets
contributions in the tetragonal phase. From the analysis
of Aoy we find that the sign of the anisotropic contribu-
tion proportional to ®"/¢ found in Eq.s (28) and (31) is
robust, with the I'y ,_ and the Y/ X pockets contribut-
ing with positive/negative terms to the DC-conductivity
anisotropy (see panels a and b and inset of b). The h-
pockets anisotropy due to the velocity, panels a-c, are
opposite in sign and grows as ®” /el in agreement with
the analytical expectation. Even if the I' are not longer
equivalent due to a small spin-orbit interaction their
anisotropic contributions almost cancel out so that the
negative anisotropy of the e-pocket is the one that deter-
mines the final results. Once the effect of the scattering
rate is included in the calculation we see in Fig.4 d a re-
duction of the conductivity anisotropy for the h-pocket
that however still sum up to an anisotropic conductivity
terms close to zero (panel f). In contrast a change of
sign in the overall electronic term is observed due to the
larger positive contribution AcY of the Y pocket once
that the anisotropic scattering rate is correctly taken into
account. For the set of parameters used, thus, we find
a final Ag > 0. The result comes from the change in
the relative weight of the contribution of the X and Y

pockets in the e-term due to the different scattering rate
F)Rf/ Y. The final outcome is thus particularly sensitive
to the I'§ and AI'® used and could be strongly affected
by any mechanism (temperature, disorder, interactions,
ect.) affecting their absolute values.

b. FeSe We repeat the numerical analysis consider-
ing the case of FeSe. In Fig. 5 we show the pockets FS
wavevectors and velocities both in the tetragonal and in
the nematic phase assuming ®" = ®° = 15 meV.
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FIG. 5: Numerical computation of the tetragonal and nematic
FS and Fermi velocity components for FeSe parameters. ®;, =
., = 15 meV, the spin-orbit interaction is 20 meV, the other
band parameters are detailed in App. C.
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FIG. 6: Renormalized scattering rate for FeSe. 't = 5 meV
and T§ = 2.5 meV. AT'" and AT'® are considered as propor-
tional to the nematic variation of the real parts (App. C)

With respect to the previous case, here we clearly see
that the outer h-pocket, the only one crossing the Fermi
level, becomes strongly elliptical in the nematic phase due
to the large nematic order which also makes the X/Y
pockets consistently different in size (a-d panel). The
changes in the velocities (e-f panels) are similar to the
ones observed for the 122 case but quantitatively more
pronounced here due to the larger value of the nematic
order parameters. The scattering rates for all the pock-
ets are shown in Fig. 6. For all the pockets we find a
clear deviation of the renormalized scattering rate from
the analytical estimate. In particular, the angular de-
pendence of the I'; scattering rate is very weak and does
not resemble the cos 260 predicted by Eq.(24). This is a



15 T T 0 T
@
_1of ]
© -0.03
g | \
0
-1
0 L L -0.06 L
15 0 T
10 8 o .
© -
© -0.1F R T
l<1 F——o4 ﬁ\
51 E 0 2 -0.05f 3
-04
L@ ol @ Tl o
0 5 10 15 0 5 10 15 0 5 10 15
h, h,
®'(mev) @ (meV) " (mev)
X h—
I -
+ v e tot

FIG. 7: Numerical computation of the velocity contribution
to the DC conductivity anisotropy and of the total DC con-
ductivity anisotropy for realistic parameter for FeSe. All the
pockets show consistent deviations of the DC anisotropy with
respect the analytical expectations Eq.s (28) and (31).

consequence of the FS nematic reconstruction of FeSe.
In fact, the nematic order not only makes the I'y pocket
elliptical but also affect its orbital content that becomes
almost completely zz at the Fermi level'6:5455 As a
consequence, the cold spots of the outer pocket shown in
Fig.1 do not represent anymore a minimum of the scat-
tering since the I'y FS is mostly zz also at 0 = 0.

We study also in this case for each pocket the behavior
of Aoy and Ao as a function of ®"/¢, Fig. 7. We use
the same renormalizations used in Fig. 4. The analysis of
the velocity contribution reveals that the sign of the ®"/¢
terms of Eq.s (28),(31) is robust also in this case. We
are no longer in the perturbative regime as one can see
from the non-linear behavior of Aa‘h/+7 shown in panel a,
where the I' pocket anisotropy contribution grows much
faster than what expected from the linear dependence in
Eq. (28). The final anisotropy of Aoy is the result of
the competition between the h- and e-terms. The in-
clusion of the scattering rate in the calculation strongly
affect the e-pockets contribution while leaving Ac"+ al-
most unchanged. As a matter of fact, the scattering rate
of the outer h-pocket I‘% is almost isotropic, see Fig.6,
so that the anisotropic velocity is the only factor which
contributes to the DC anisotropy of the I'y pocket. The
final result for the DC conductivity strongly depends on
the set of 1"3/6 and AT"/¢ used. In Fig.7 d-f, we show a
case in which the inclusion of the scattering rate enhances
the relative weight of the e-contribution with respect the
h-term, so that overall the negative anisotropy of the e-
part, due to the X pocket, determines the final results
shown in Fig.7 f.

c. High-energy renormalization and mesting An ef-
fect neglected in the above calculation is the renormaliza-
tion of the quasiparticle due to local electronic interac-
tions. It is well established that in IBS the high-energy
renormalizations of the quasiparticle Z,,., coming from

local interactions are quite strong and orbital-dependent.
This effect, usually named orbital-selective renormaliza-
tion in the literature,®? should not be confused with the
effects discussed in the present work, where the orbital
selectivity refers to the spin fluctuations, which affect the
various orbital in a different way in the nematic phase.
The high-energy renormalizations have noticeable effects
on the optical conductivity in the tetragonal phase of
IBS, as discussed in Ref. [58] and should be included in
the above calculation. We then repeted the numerical
analysis including phenomenologically the orbital renor-
malizations into the coherence factors (u/v)l, entering
in Eq. (19). This allows us to estimate the effects of
the high-energy renormalization on the velocity contri-
butions to the DC conductivity Aoy . As expected, the
inclusion of a severe reduction of the coherence of the xy
orbital (Z,, ~ 0.3), that is the most correlated orbital

in all IBS, leads to the suppression of the V;?Z{, contri-

butions enhancing the DC anisotropy in the e-pockets.
Moreover, the small differentiation (~ 10%) of the quasi-
particle masses for the xz/yz orbitals in the nematic
phase®® contributes to enhance the differentiation of the
Iy and X/Y pockets. However, the sign of the veloc-
ity contribution to the DC anisotropy is robust within
the set of Z,.; considered. The quasiparticle renormal-
izations affect also the conductivity via the renormalized
scattering rate, however their relevance strongly depends
on the set of parameters used, whose analysis goes be-
yond the scope of the present work.

Finally, it is worth noting that the analysis presented
here, as well as the one carried out previously'® within
a momentum-independent Eliashberg scheme, does not
include the physics of the band-nesting effects, which are
the only ones to determine the location of the hot-spots
in the band-based description?®38. In particular the el-
lipticity of the X/Y pockets suggests that the scatter-
ing rate is maximum at the location where the nesting
with the h-pockets is realized. Within the OSSF both
the orbital character and the degree of band nesting will
contribute to the hot-spot location. Recent multiorbital
RPA calculation in the paramagnetic state support the
idea that the dominant effect in determining the scatter-
ing rate is still the orbital character of the FS%%:61, How
these results evolve below Ts within an orbital-selective
spin-nematic scenario is still an open question which cer-
tainly deserves further investigation.

C. Comparison with experiments

In the previous section we computed numerically the
DC anisotropy for realistic parameters of 122 pnictides
and FeSe. The values of the band structure parameters
and self-energies used in the calculations quantitatively
reproduce the main features of the FS, including the FS
shrinking and the orbital F'S reconstruction experimen-
tally observed in the nematic phase of 122 and FeSe.
In 122, where the nematic order parameters ®"/¢ are



small, the h-pockets contribution to the DC conductivity
anisotropy is well approximated by the analytical esti-
mate Eq. (28), while we observe consistent deviations
in FeSe. Nonetheless, for both 122 and FeSe systems
the sign of the anisotropic contribution coming from the
renormalized velocity, Aoy, is robust. In both cases con-
sidered in sec. IT B we managed to match the experimen-
tal result, Aopc(FeSe) < 0 and Aopc(122) > 0, once
the renormalization of the scattering rate is included in
the calculation. As already mentioned, the final result
is still somehow sensitive to the set of parameters used.
Thus, in this last section we discuss in general which are
the possibilities to match the experimental results regard-
less the precise choice of parameters used in sec. 11 B.

Concerning 122 systems, as long as the h-pockets con-
tributions to the DC anisotropy cancel out, the final re-
sult is controlled by the e-pockets. Since they have a
strong elliptical deformation, their overall contribution
to the DC anisotropy cannot be predicted from the ana-
lytical result Eq.(31), and the final outcome depends on
the relative weight of the X and Y pockets and on the rel-
evance of the scattering-rate anisotropy over the contri-
bution Acf,. Even in doped 122 compounds the h-pocket
contributions cancellation still occurs since the relatively
small value of the spin-orbit splitting at I guarantees that
the Fermi energy is the same for the h-pockets. However,
doping changes both the size of the pockets and the de-
gree of nesting between h- and e-pockets. Both effects
contribute to change the relative weight of the X/Y e-
pockets as well as the balance between the velocity vs
scattering-rate anisotropic contributions and can be at
the origin of the different sign of Aopc experimentally
observed between the h- and e-doped side of 122 phase
diagram.

For what concerns FeSe, the presence of a single h-
pocket and its strong orbital reconstruction lead to rather
different physics. In particular, since the nematic FS
reconstruction makes the whole I't. FS mostly zz even
at 8 = 0, the expected anisotropy of the renormalized
scattering rate is absent, see Fig. 6. As a consequence
the ', anisotropic contribution is more likely controlled
by the velocity anisotropy. This result should be con-
trasted with the outcomes of Ref. [47], where the differ-
ence between 122 and FeSe is fully ascribed to a differ-
ent behavior of the scattering-rate anisotropy in the two
compounds. In our picture the FeSe DC-conductivity
anisotropy emerges from a subtle interplay between the
competing effects coming from the scattering rate and
the velocity, as it has been recently suggested by optical
conductivity experiments in FeSe%2. It is worth noting
that recent ARPES experiments reveal a strong k, de-
pendence of the orbital composition of the 'y FS®3, with
the FS a k., = 7 recovering yz-character at § = 0. As
a consequence, also the scattering rate anisotropy on I'
is expected to be larger at k, = 7 and its effect on the
DC-conductivity anisotropy can possibly compete with
the velocity term at this k,. This observation calls for
a more complete analysis of the DC anisotropy involving

also the k.-dependence of the FS.

III. CONCLUSIONS

In conclusion we computed the DC-conductivity
anisotropy in the nematic phase of IBS using the orbital-
selective spin-nematic scenario that accounts for the or-
bital content of the FS'®48 1In this scenario, the DC
anisotropy of the nematic phase of IBS depends on the
scattering rate and velocity renormalizations due to self-
energy corrections. Both scattering rate and velocity are
affected by the FS nematic reconstruction. The scatter-
ing rate is strongly affected by the orbital content of the
FS, and the location of its minima on the F'S is found in
correspondence of the less renormalized orbitals giving
rise to cold spots. The velocity renormalization is sensi-
tive both to the orbital mixing and to the shrinking of
the FS induced by the nematic order, with the former ef-
fect dominating over the latter. Due to this effect we find
the unexpected result that the conductivity increases in
the direction in which the self-energy is larger and the
shrinking is stronger. For both h- and e-carriers the con-
tribution of the velocity to the DC anisotropy is oppo-
site in sign to the one of the scattering rate. This is in
agreement with recent optical conductivity experiment in
FeSeb? where it is shown that scattering rate and velocity
contribute to the conductivity anisotropy with opposite
signs. Our results naturally follows from the spin-orbital
entanglement implicit in the OSSF model and are new
results in contrast to the band spin-nematic scenario®?>.
In particular we demonstrated that the usual expecta-
tion of anisotropic magnetic fluctuations giving rise only
to an anisotropy in the inelastic scattering rate® is not
longer valid once the orbital degree of freedom is taken
into account in the theoretical description.

We performed numerical calculation for representa-
tive parameters for 122 pnictides and FeSe. We verified
that for 122 system the analytical estimate represents
a good approximation of the numerical with the overall
h-pockets contribution vanishing even once a finite spin-
orbit splitting at I" is considered. Numerical results for
FeSe instead deviate from the analytical expectations due
to the huge nematic FS reconstruction. We also discuss
how the conductivity anisotropy depends on the system
parameters. It can be dominated by either electron or
hole pocket conductivity and depends on ellipticity and
high-energy renormalizations. The OSSF scenario pro-
vides then a suitable framework where the same mecha-
nism due to orbital-spin interplay can reconcile the ex-
perimental observations reported in different families of
iron-based superconductors.
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APPENDIX A: Green’s function and perfectly
nested parabolic band approximation.

In this appendix we calculate the dressed Green’s func-
tion to be used in the DC conductivity. We also detail the
perfect nested parabolic band approximation to perform
the analytical calculation of the conductivity.

Green’s function

The bare Hamiltonian consists in a 4-pocket model
with two h-pockets at I, I'x and two e-pockets at X
and Y adapted from the low-energy model considered in
Ref. [57]. Each pocket is described using a spinor repre-
sentation in the pseudo-orbital space.

s
H(l) = Z wltaHékwf(ow (32)
k,o

where [ =T, X, Y and the spinors are defined as: ¥, =

vz az X/Y _ o yz/zz axy < ET1
(ckyg,ckd) and ) = (.77, ). The matrix Hy,

has the general form

ho + hh

2 N S _’l.:’:
HOk_hOTO+h T (hll+2hl2

hllz‘hlz)
33
won) 3

with 7 matrices representing the pseudo-orbital spin.
The A" components read as

hg = e —a'K?,
by = —20"k,ky,
hy = 0" (k3 — k), (34)

and for the X pocket,

hy = (h¥* +h™)/2

hy = vk,

hy = (V" — ™) /2 = b(kZ — k) (35)
where h¥? = —e¥%% + a%?k? and A% = —e*¥ + q*YKk2.

Analogous expressions hold for the Y pocket provided
that one exchange k, by k,. Rotating the Hamiltonian
ﬁék into the band basis we have ﬁék = U AU where
Al = dz’ag(Ellf, Ell(_) is the eigenvalue matrix and Ell(jE is
given by

Bl = b £ h! = hly = \J(h)2 + (hh)? + (Rh)2,  (36)

The fermionic band operators c* from H} =

> ko Ellfcffgicf; are obtained rotating the orbital
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spinors via U'. The unitary U' matrix has the common

form:
. ul _,Ul
= () @

where we drop the momentum and spin indices for sim-
plicity. Explicitly for the h-pockets at T, ¢I'* = h* we
have

()= (o ) () e ()

Analogous expressions hold for the X/Y e-pockets
fermionic operators ¢X/Y® = ¢X/Y% provided that the
corresponding orbital spinors X/Y = (¢¥*/%* ¢*¥) are
used. The coherence factors are:

1 hl
l 3
= 414+ =
" \/i ht’

1 Rl +ih}

L Wik ) ks
UG T

*[

S
|

(39)

Knowing the dispersion relation and the coherence fac-
tors inside the rotation matrix ¢! we can obtain the bare
pocket Green’s functions. Since Go! = = wl—H}, simply
Gol =t (i - [\l)dl with Al = diag(E™+, E'-).

We now turn our attention to the OSSF self-energy.
The low-energy interacting Hamiltonian describing the
spin exchange between h- and e-pockets is given in the

main text Eq. (4). The corresponding Dyson equation
for each pocket is:

G (kw) =G (k,w) — S (w), (40)

where Go! ' (k,w) = wil — Hl, and SH(w) = h(w)7o +
Y4 (w)7s is the self-energy due to the OSSF defined in
the main text. From now on we do not display the (k,w)
dependence. We can define the renormalize Hamiltonian
as H' = H} + X!. Rotating the Hamiltonian H' into
N JOP I | .
the band basis we have H' = Ug! 1AZRZ/IR where AlR =
diag(Eé{ , Eé{) is the eigenvalue matrix and Ej%i is given
by

Ef = hh+3h £ hly = b+ 3 +

/()2 + (W) + (Wl + 52 (41)

Since the self-energy given in Eq. (40) is complex, we
define the renormalized energy dispersion relation as

l l . .
€5 = ReE[ and the renormalized scattering rate as

Flﬁ =or+|I mEé;EE | with 6T some scattering background.

The unitary Z]}z matrix has a structure analogous to
Eq. (37) provided that the coherence factors are given



by
; 1 1+hg+213
Up = —— —_
Ve Mg
ol 1 Y + ihl, _ hh+ 3

Vp = —F=
V2 \/(1)? + ()2 I
(42)
We can take into account in our model the presence of a
finite spin-orbit interaction by replacing hL, — h% so =
V(A2 + (hY +30)2 + (\2/4).  This affects both the
Egi and the coherence factors (u/v)k.

Perfectly nested circular Fermi surfaces model

For the analytical approach, we write the bare pocket
Hamiltonian Eq. (33) in polar coordinates with 6 =
arctan k, /k,, for the hole

hg = € —ak?
Bl = —bk*sin(26);
hy = bk*cos(26) (43)

and for the electron pockets

hé(/y — XY k2,
hy/Y = bk? sin(26);
W'Y = Fbk? cos(20) (44)

For simplicity let us further assume eX = ¥ = €. It
is easy to check that the orbital content of the 4-pocket
model for IBS in Fig. 1 is reproduced in the parabolic
approximation. Using Eq. (39) the coherence factors take
the expression

Wl |? = |[u¥? = [v¥]? = cos 6?,

45
|UF\2 = |vY|2 = \uX|2 = sin 62 (45)

To allow analytical treatment, we expand Eg and
(u/v)l Eq.(42) Eq.(41) up to first order in X3 and we
neglect the imaginary part of the self-energy since goes
to zero at low w and T = 0. The dressed coherence factors
are given by:

2ReX}

s (1 + 4;*3 Ul|2) )
2ReY)

|U§2|2 —|Ul|2 (1 - 7]; 2 |Ul|2>

that are the expressions quoted in the main text in

Eq. (14). The dressed dispersion relations elRi = ReEé%i
become:

(46)

hy

elgf = €= + ReXf + i

ReX}. (47)
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Replacing the values for the case of circular FS given
in Eq. (43) and Eq. (44) and calculate it at the Fermi
surface we get:

el;f = € + cos20ReX),
eg/y = —eg F cos 29Re§3§(/y, (48)

where we defined the tetragonal band energy for the h-
pockets as €} = €'’ + ReX§ and €§ = eefReEé{/Y for
the e-pockets. The scattering rate FlRi =o'+ |ImE§§|
acquires the expression:

l
. h
T~ 0T + [Im3| & 3 Im3%), (49)
Using Eq. (43) and Eq. (44) we get:
Fl;f = T+ cos 20|[TmX5" |,
Fg/y = T'§ F cos 29|Im§]3X/Y|, (50)

where we have separated the angular dependent renor-
malization ~ I'mY% from the tetragonal constant part,
Fg/e =0l + \ImEOF/eL From Eq. (50) we find analyti-
cally the locations of the cold spots on the F'S where the
minimum value of the scattering rate is found:

DR (6=3) = oF +|Im2y.],
I (0=0) = 6T+ |[ImxL|,
XY =0) = T5(0 = g) =T (51)

This result is easy to understand due to the OSSF shown
in Fig. 1 where cold spots are also shown. In the nematic
phase, SF with momentum Qx are bigger than the ones
with Qy. As a consequence, the largest scattering is
found in the yz orbital due to the orbital selective nature
of SF, while the xy-orbital component is not renormalized
given the absence of xy-OSSF.

APPENDIX B: Computation of the DC
conductivity and analytical results for perfectly
nested circular FS

We calculate the DC conductivity in the bubble
approximation. The self-energy corrections computed
within an Eliashberg-like treatment are momentum in-
dependent so that vertex corrections vanish identically.
The DC conductivity is given by

2 .
e ImIl,(q=0,iQ, — Q)
Reo,(Q) = —— - 52
o) = < 5 (52)
where o = z,y, V is the unit-cell volume and II, is
the current-current correlation function in the bubble ap-
proximation given by

M (i) =273 T [él(k, iwn) VL G (K, i + i) Vi .
lkn
(53)



Vi = Ok, Hy} is the bare velocity operator and G!(k, iw, )
is the renormalized Green’s function from the orbital-
selective spin fluctuations. We work in the rotated
basis and replace Gl(k,iw,) = Z/Il L (K, iwn ) (iw, 1 —
AL (k, )) 241" (k,iw,) in Eq. (53). Since we are in-
terested in the DC conductivity (€2 — 0) the important
term in the trace is

Tr [ Uh(k,iw,)(iwnd — Aly(k,w)) " UL (K, iw,) i
U (k, iwn ) (iwn 1 — Al (k,w)) "8l (K, iwn) VA ]

Using the cyclic property of the trace al-
lows us to define the renormalized velocity
Vi, = Ul (k, iwn Vit U (K, iwy,).  Operating the
trace and taking the limit @ — 0 we get that the trace
in Eq. (54) can be written as

. ! . I
93 (k,iwn) (Vi )2+ 62 (iwn) (Vige ) (54)
where Vllﬁ(a are given by

Vi, = Vi lukl® £ Vi uito] + Vidlulol + G2 o

(55)
Here Vli:;”’ are the nn’ component of Vli = Ok, ﬁ(l) and
(u/v)l; the renormalized coherence factors defined in
Eq. (42). The multiorbital character of the problem gives
rise to self-energy effects in the velocities via the coher-
ence factors especially in the nematic phase. Express-
ing the Green’s function in terms of the spectral func-
tions A+ (k,w) we finally arrive to the results of Eq. (17)
quoted in main text:

ot = B [ -2 v @) (4 @)

(56)
where f(w) the Fermi distribution function. Notice that
the renormalized velocities VRk (w) depend on frequency
and on the orbital self-energy through the dependence of
the coherence factors on Y4(w). The renormalized spec-
tral function can be written as

1 Flzfztk(w)
T (D (W))2 + (@ — e (w))?

where e%k(w) = ReE%(k,w) and F%k(w) = o' +
|ImE% (k,w)|. At low temperature —2L&) 5 5(w) that

A () = (57)

ow
selects only states at the Fermi level
2me? ! 42
Ulai N ( Ria)Q(Aki) (58)
k

Moreover, assuming I‘lét — 0, the spectral function Aif
can be approximated as

(l2)? !

I
T d(€Ri) (59)
Rk
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Replacing this expression in Eq. (58) we get that the
conductivity is

= (Vi )?
o = NZ Fl; o(eme) = (60)
k Rk
- 62/ dk? (Vi )? 5(k — kp)
NJ @) TR Ve

Within the parabolic band approximation and using
the expansion up to the first order in Eé of the renormal-
ized energy, we can derive analytically the conductivity
given in Eq. (60). We use the expressions of the renor-
malized energies and scattering rates derived in App. A.
Using the expressions Eq. (46) for the coherence factors,
it is easy to check the velocity given in Eq.(55) can be
expressed as the derivative of the renormalized dispersion
relation given in Eq. (47), so Vlélim = Ok, elb‘;f (k). Explic-
itly for the h-pockets at I' we have

hl"
Ve = On.hp %0k, Y 71 P, o
hY hY hY
T 1 r'1 '3
+ RQZS W [(%u h3 hir — 6kah1 ﬁ} (61)

and analogous expressions for V}%i ., and ng o The first
three terms in Eq. (61) corresponds to the bare veloc-
ity, while the term multiplied by ReX% accounts for the
renormalization in the velocity due to OSSF self-energy
corrections. Using the explicit definition of h) and ﬁl,
the velocities for the various pockets read:

r k;cos@ 1k cos 0 sin 02

VRJ; = + 4Re¥; TR

r ksm9 stm@cos@2

VRgi/ = — o :F4R€z 7]{:2 s
xX/y kcos @ X/ykc05951n92
Vae = mX/Y F4ReX; —z

ksin @ k sin 6 cos 62
V)Rféy _ mSlIl + 4Re 2X/y sin 6 cos

X/Y k2 ’ (62)

where Eq. (43) and Eq. (44) have been used and m'*
is the bare mass of the I+ pocket whose definition in
terms of the Hamiltonian parameters is glven by ml'+ =

2@ Fb)"" and mX/Y = m¢ = 2(a+b)"'. To compute
the k integration in the Eq. (60) we evaluate the velocity
in the Eq. (63) at the renormalized FS. In the nematic
phase kz(0) is no longer constant. Using again the ex-
pansion up to the first order in X3 of the renormalized
energy we can estimate kp() and replace it in Eq. (63).



13

We find (®", AT") and the e-pockets (®¢, AT®) defined as
ReX} Rex}
VEE = Vot (14 cos2073 F4sin2 =3 |, r -
Rz z h h Re3,,, — ReX
2€9 260 oh =22 TTTWE . Rexl AT = |Im3L|
VI v (14 cos20550 1 goos? g8 - . ‘. i
Ry — Y0y o8 2l o8 &) o — ReX;, — Re¥,, AT® = [ImX | — [ImX,,
oy e X/Y RexX/Y 2 2
VR:,;/ = Vof/y (1 =+ cos 20% T 45sin? 0;%,), (66)
2¢ 2¢ APPENDIX C: Model parameters for FeSe and
X/Y XY 122 systems
X/Y _ 1, X)Y ReX; 5 ,ReX;
VRy = %y (1 =+ cos QGW + 4 cos QW .
0 0 (63) To perform the numerical analysis discussed in the
main text we used a set of band parameters which re-
where ¢! and € are the Fermi energy in the tetrago- produce the experimental dispersions observed in 122

nal phase defined in Eq.s (48) and V,.* = —kogi/mri,
VoX/Y = k%, /me is the o component of the bare ve-

locity with kor* = \/elt/(2mT+) and ko = \/e5/(2me).
The last term we need to evaluate is the | 5/ elﬁk\ (see

Eq. (60)). In the T' pocket turns out to be | 7 elgk\ =
k/m'+ with similar results for the other pockets. The
important point is that the norm of the pocket veloc-
ity is independent of the self-energy while the pocket
velocity in a given direction z/y depends on the self-
energy, Eq. (63). Replacing all the analytical expressions
found for the velocities, Eq. (63), and the scattering rate,
Eq. (50) in Eq. (60) the pockets DC conductivities read:

reo_oonfqa ReXL  ReXl  |ImXL|
afy = ¢ 2y e orl:
0 0 0
ReXY  ReXf Im%y
05/— — o1 h3 + 3, | h3|
v 2¢; € 2l
ReXs  Rex¥ Im¥f
O_i(/ = o1+ €23 €23 Zt‘ m 3‘
v 2 6 oT¢
ReXY  ReXY  |ImXY|
Y e 3 3 3
= 1 + 64
oty = 9 ( T "o € o ) (64)
where o"/¢ = 6263/6/(27%)1’3/6 is the x/y-component of

the DC conductivity in the tetragonal phase for the h/e-
pocket. The DC conductivity anisotropy for the h- and
e-pockets can be finally written as

or ATH
h+ _ I
s = (G =57
oh  AI"
A h— _ r{_= =t
e = (-G 7)
P ATC
AchHe = o° (— ) (65)

with the nematic order parameters for the h-pockets

and FeSe systems. Using the band parameters listed
in Table I, a spin-orbit interaction of A = 5 meV and

|R625Z/M| = ReE;(Z//};Z = 15 meV, we obtain the FS
topology shown in Fig.1 that reproduce qualitatively well
the FS of 122 systems in the tetragonal phase. The ne-
matic phase is computed with a symmetric nematic split-
ting of ®" = ®° = 4 meV. For the FeSe case we used the
same set of band parameters listed in Table I, with spin-

orbit interaction A = 20 meV, and |ReX! , | = 70/40

yz/xz
meV and ReE;(Z/ /3;2 = 45/15 meV that result in a nematic

order parameter ®"/¢ = 15 meV. This set reproduce the
FS and their orbital distribution as experimentally ob-
served by ARPES?16:54 in the nematic phase.

r X
€r 46 €zy T2 €yz 55
ar 263 azy 93  ay. 101
br 182 b 154
v 144

TABLE I: Low-energy model parameters used for FeSe and
122 system. All the parameters are in meV, the k£ vector is
measured in units 1/a ~ 0.375 A, where a = apere 1S the
lattice constant of the 1-Fe unit cell (so that & = v/2a = 3.77
A is the lattice constant of the 2Fe unit cell).

We fix the background scattering to 6I' = 1 meV. The
scattering rates used in the tetragonal phase for 122 are

ImEZZ/M = ImZ;(Z//};Z = —2 meV, while for the FeSe
case we used ImXF — 4 meV and ImxYY = _3
yz/xz yz/xz

meV. In both cases their variations of the imaginary part
of the self-energies in the nematic phase are assumed to
be proportional to the variation of their real parts, i.e.
AT" ~ ¢, (®"/RexE) and ATC ~ ¢, (9¢/ReSy’Y) with
Chye arbitrary coefficients.

* Electronic address: laura.fanfarillo@sissa.it

t Electronic address: belenv@icmm.csic.es
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