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We study three different multi-orbital models for iron-based superconductors (iron-SCs) in the
solvable limit of weakly coupled square plaquettes. The strongest superconducting (SC) pairing is
in the A4 s-wave channel and its development is correlated with the emergence of the next-nearest-
neighbour antiferromagnetism (NNN-AFM). Increasing the NNN-AFM interactions can drastically
enhance the s-wave SC pairing. For the models with more than two orbitals, our study suggests that
the signs of the intra-orbital pairing superconducting order of the ds, and the dy. (or dy.) orbitals
must be opposite. Such sign difference stems from the intrinsic symmetry properties of inter-orbital
hoppings and might, in the homogeneous case, lead to the sign-change of the SC orders between the
hole Fermi pockets at the I' and M points in the unfolded Brillouin zone.

I. INTRODUCTION

Since the iron-based superconductors were discovered
two years ago!, the relation between these superconduc-
tors and the high-T, cuprates has been a central fo-
cus of researches. It is highly debated that whether
the iron-based superconductors belong to the same cat-
egory of strongly correlated electron systems as the
cuprates. Models based on both strong coupling?® and
weak coupling!? 16 approaches have been applied to un-
derstand the properties of these materials and their rela-
tion to the curpates.

A strongly correlated electron system exhibits strong
“locality” in its physical properties. For instance, both
magnetism and superconductivity in the cuprates could
be described locally in real space. The magnetism of
the parent cuprate compounds is well described by the
Heisenberg model with the nearest-neighbor (NN) anti-
ferromagnetic (AFM) exchange couplings. The d-wave
superconductivity with the symmetry form factor in re-
ciprocal space, cosk, — cosk,,'” corresponds to short-
range SC pairings between two electrons at NN copper
sites. With such a short pairing length, we can study
essential physics in a four-site cluster to extract key ele-
ments for low-energy effective models'® 2!,

It is clear that iron-based superconductors are more
itinerant than cuprates. The parent compounds of iron-
pnictides are metallic rather than insulating. So far,
the majority of theories for the pairing symmetry of
iron-based superconductors are based on weak coupling
approaches'® 16, Although there are discrepancies, the
theories based on these approaches have reached a broad
consensus regarding the pairing symmetries in iron-
based superconductors: for optimally hole doped iron-
pnictides, for example, Bag Ko 4FeaAss, an extended
s-wave pairing symmetry, called s*, is favored!'?, as

a result of repulsive interband interactions and nest-
ing between the hole and electron pockets. However,
in the weak coupling approach, the s pairing is not
robust. For extremely hole-doped materials, such as
KFezAsy, and extremely electron-doped materials, such
as KFesSeo, a d-wave pairing symmetry is stronger than
s-wave pairing?? 24,

Intriguingly, recent experiments in the iron-SCs sug-
gest that both magnetism and superconductivity dis-
play many locality behaviors as well. Neutron scat-
tering experiments demonstrate that the magnetism in
many parent compounds of iron-SCs can be described
well by the Heisenberg model with the NN and the
NNN-AFM exchange couplings between iron spins2® 27,
In addition, angle resolved photoemission spectroscopy
(ARPES) experiments show that the SC gaps can be fit-
ted to a single cos k; cos k, functional form in reciprocal
space?® 30, Regarding the fact that the iron-SCs are com-
plicated multi-orbital systems, these experimental results
are compelling evidence to support that the SC pairing
stems from local interactions because the functional form,
viewed in real space, corresponds to pairings between two
electrons at NNN iron sites. Moreover, the recently dis-
covered ironchalcogenide, KFesSes, has a magnetically
ordered insulating state®! in which electron-electron cor-
relation may play an important role. Therefore, it is
natural to ask whether the physics of the iron-SCs can
also be understood in a checkerboard-like system studied
in Ref. 19 in which local physics can be solved exactly.

In this paper, we present results for three different
checkerboard tight-binding models as shown in Fig. 1 for
the iron-SCs which are constructed using two>2, three3?,
and four orbitals®*, respectively. By exactly solving the
2 x 2 plaquette problem, we show the comprehensive
phase diagrams of the models in the limit of weakly cou-
pled plaquettes, by varying intra-orbital onsite interac-
tion U, inter-orbital onsite interaction U’, Hund’s cou-
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FIG. 1: The sketch of the checkerboard models. The hopping
signs between d., and d,.(,.) orbitals are indicated.

pling Jg, as well as the NN(NNN)-AFM coupling J;(2).
Here we allow Jp 2 to be independent parameters because
they, in principle, are generated by superexchange mech-
anism via As atoms. In all of the models, we obtain that
the leading SC order is always in the A, s-wave pairing
channel. Most remarkably, this study also shows that the
superconductivity and magnetism are orbital-selective in
the three- and four-orbital models: First, in the three-
orbital model, the short-range antiferromagnetic corre-
lation is more pronounced in the d,, orbital while the
superconductivity more pronounced in the d,. and d,.
orbitals. Second, in both three- and four-orbital models,
the signs of the intra-orbital pairing order parameters of
the dy and the dg. (or dy.) orbitals are opposite. The
sign difference originates from the intrinsic symmetry of
the inter-orbital hopping between d,, and dzz(yz)%. This
feature could result in a new sign-change of the SC orders
between the hole Fermi pockets at the I' and M points
in the unfolded Brillouin zone. In particular, both of the
results mentioned above may not be easily explained by
the Fermi surface nesting properties and hence should be
attributed to the strong correlations in the models.

II. MODEL AND METHOD

A generic Hamiltonian of iron-SCs can be written as
H = Hy+ Hj, where Hj is the kinetic energy of the d-
electrons on iron sites and H; includes the interactions
between them. Explicitly, Hy is given by

=YY
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where «, 8 are orbital indices; i, j label the sites and o is
the spin index. Hj can be written as Hy =, Hro(i) +

Hye. Hio(i) is the onsite interaction, given by,

Hi,(i) = U Z N0, N0, + Z —NjaNig — 2HSiaSiB]
a?B
+ JZ di,a,Tdi,a,idiﬁ»idiﬁ»T7 (2-2)
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with U, U’, Jy, and J(= Jg) denoting intra-orbital
repulsion, inter-orbital repulsion, ferromagnetic Hund’s
coupling, and inter-orbital pair hopping, respectively.

Hj. includes interactions between different sites. In
this paper, we consider the NN (denoted by single an-
gular bracket) magnetic exchange coupling J; and NNN
(denoted by double angular bracket) magnetic exchange
coupling Ja, both of which are generated by the superex-
change mechanism through As atoms as shown in Ref. 3.
The explicit form of Hj. reads

=> > NiSia-Sist+ > Y SSia-

(i.j) a8 ((i.d)) .8

S;.5- (2.3)
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FIG. 2: The pair-binding energy (a) and the diagonal spin-
spin correlations (b) for a 2 x 2 plaquette in the two-orbital
model are plotted as functions of U/W and Jg /U without
exchange coupling J; and Js.
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FIG. 3: The pair-binding energy (a) and the diagonal spin-
spin correlations (b) for 2 x 2 plaquette in the three-orbital
model are plotted as functions of U/W and Jg /U without
exchange coupling Ji and J2. The dotted lines in (a) enclose
the regions with positive pair-binding energy, suggesting a SC
phase.

Different tight-binding models have been proposed to
describe the band structures of iron-SCs. In this study,



we take three different models: a two-orbital model given
in Ref.32, a three-orbital model given in Ref.33, and a
four-orbital model in Ref.34. The tight-binding parame-
ters of the models can be found in the above references.
Additionally, we have also tried a different four-orbital
models reduced from the five-orbital models constructed
in Ref.11. All of the models capture the basic band struc-
tures of iron-SCs. In fact, the major results reported
below are consistent in all of these models.

The checkerboard models are defined on the lattice
shown in Fig. 1, with the inter-plaquette hopping am-
plitudes T(ijﬁ and exchange couplings [J1,2 much smaller

than intra-plaquette parameters, tiOJ; and Jy 2. A four-
site plaquette can be diagonalized exactly, though one
may necessarily resort to the numerical exact diagonal-
ization (ED) due to its multi-orbital complexity. Con-
sequently, we can determine the pair-binding energy
E, =2E(1) — E(0) — E(2), where E(Q) is the ground-
state energy for a given ), the number of doped holes in
an “undoped” reference state. In particular, E, > 0 in-
dicates an effective attraction between doped holes, i.e.,
a local pairing of two holes. At generic doping, we con-
sider the case 0 < {T;;'B, Jip2} < By < {t‘ofﬁ, J1.2}, which
allows us to obtain a controlled perturbation expansion
of the full Hamiltonian in terms of small inter-plaquette
parameters. Second order perturbation gives us an effec-
tive theory describing interacting bosons (Q = 2 states)
with effective hopping integrals and short-ranged density-
density interactions of order 72/E, on the effective lat-
tice. Furthermore, it can be proved that the ground state
of this effective theory enters superfluidity at T' = 0%, ex-
cept at special doping percentages. Thus, in this study
we do not show explicitly the effective coupling strength
as a function of inter-plaquette parameters, but rather
solve the 2 x 2 plaquette problem with open boundary
conditions by numerical exact diagonalization. Since the
effective hopping integrals are generically non-zero, the
positiveness of E, can be used as an economic way to
identify SC phase at generic doping on the checkerboard-
like lattice as long as E, is still larger than any one of
the inter-plaquette parameters.

III. NUMERICAL RESULTS
A. In absence of J; and Js

We summarize the main results for the two-orbital and
three-orbital models without magnetic exchange coupling
Jy or Js in Figs. 2 and 3. Note that the parent com-
pounds in a three orbital model have a nominal filling of
2/3, instead of 1/2 filling in two- and four-orbital models.
In Fig. 2 and Fig. 3, we plot the pair-binding energy and
the diagonal (NNN) spin-spin correlation function as a
function of U/W and Jg /U with U’ satisfying the SU(2)
symmetry condition U’ = U — 2.5Jg and W being the
bandwidth. As shown in Fig. 2, there is no SC phase in
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FIG. 4: The pair-binding energy (a) and the diagonal spin-
spin correlations (b) for 2 x 2 plaquette in the three-orbital
model are plotted as functions of U/W and Jg /U within ex-
change coupling J2 = 0.1U. The dotted lines in (a) enclose
the regions with positive pair-binding energy, suggesting a SC
phase.

the physically meaningful parameter region in two-orbital
model. While in Fig. 3, there is a very small region (cir-
cled by the dashed line) where the SC state is favored
and this region is located within the region the NNN-
AFM is developed. The diagonal spin-spin correlation in
two-orbital is very similar to the result in three-orbital
model. It tells us that the diagonal spins are antiferro-
magnetically aligned, even without superexchange Ji(z),
within a large parameter space with nonzero Jy.

B. In presence of J; and Js

We study the two-orbital and three-orbital model with
the NN magnetic exchange coupling J; and the NNN
magnetic exchange coupling J». Magnetic exchange cou-
pling J; and Js drive two different SC phases, which will
be discussed respectively in details. Before start, we re-
mark that in the two cases studied, i.e., J; > 0,Jo =0
and J; = 0, Jo > 0, the latter may be more relevant in the
context of iron-based superconductors. First it is because
the NNN pairing is consistent with the s+ pairing that is
predicted through other methods; second, first principles
calculations and inelastic neutron scattering experiments
suggest Jo > Jp in most iron-based SC’s; and third, NN
pairings (induced by J1) with A;, symmetry have small
and nodal gaps on the hole pockets, in contradiction to
the ARPES result.

We summarize the main results for the three-orbital
model with superexchange Jo in Figs. 4, 5, and 6. In
Fig. 4, we plot the pair-binding energy and the diagonal
(NNN) spin-spin correlation as a function of U/W and
Ju/U. With a finite Jo = 0.1U, the SC region is sig-
nificantly enlarged as well as the NNN-AFM correlation.
Additionally, we notice in the same figure that a finite
Jg is needed in order to achieve positive pair-binding
energy.

The NNN spin-spin correlation decomposed into intra-
and inter-orbital components, (Q;GS|S. - S%|Q; GS),



Occupation number

Diagonal spin-spin correlation
. s 8
B 2.9
%i{//
7
f i
{ X
e
Y I
i &
S
[ H
s } I
s M
j» + ¥ ;

s
Iy

Occupation number
ﬁj

FIG. 5: The orbital-resolved diagonal spin-spin correlations,
(S% S%) (a, B = z2,y2,2Y), of a 2x 2 cluster with 16 electrons
(2/3 filling) (a) and 14 electrons (b). The parameters are
given by Jg = 0.2U, Jo = 0.1U. Insets: The occupation
number of different orbitals as a function of U/W with 16
electrons and 14 electrons, respectively.
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FIG. 6: The pairing amplitude of the intra-orbital [(a)(c)]
and the inter-orbital [(b)(d)] electron pairs as function of U
[(a)(b)] at fixed parameters of J» = 0.1U and Jy = 0.2U, and
as function of J2 /U [(c)(d)] at fixed parameters of U = W and
Ju = 0.2U. The ‘NN’ in the legend means sites 1 and 2 while
‘NNN’ means sites 1 and 3; all other pairings’ amplitude can
be derived from the A1y symmetry. Green dotted lines mark
the critical U and J2 right to which the pairing energy is
significantly positive.

within a plaquette is shown as a function of U/W in Fig. 5
with fixed Jg = 0.2U and J; = 0.1U. The NNN-AFM
correlation develops when U reaches ~ 0.4W and the
intra-orbital correlation is much stronger than the inter-
orbital counterpart. Moreover, the d,, orbital has the
strongest NNN-AFM correlation because the d,, orbital
is half filled [see inset of Fig. 5(a)]. After doping two holes
per plaquette, the correlations become almost equal on
all three orbitals, as suggested by an equally distributed
occupation of three orbitals [see inset of Fig. 5(b)].

The orbital resolved SC pairing amplitudes, defined

as (Q = 2;GS|As(A))|Q = 0;GS) with Ayp(ij) =
di,a,idj,ﬁ,T — di,a,de,B,i are shown in Fig. 6. We find that
the pairing is in the A4 channel and such trend is never
changed upon increasing Js to 0.1U (the value we have
explored so far). To see this, we can check the eigenvalues
of the ground states with Q = 0 and @ = 2 under symme-
try operations of the space group. If they are the same for
both states, the order parameter must be even under the
symmetry operation, and vice versa. In fact, both states
are found invariant under a 90-degree rotation or a mir-
ror reflection about * = y axis. Hence the pairing can
only belong to the A, irreducible representation of the
Dy, group. Because of the multi-orbital nature, the ir-
reducible representation does not give us complete infor-
mation as to the pairing structure, but the orbital com-
ponents as shown in Fig.6 are also needed. The positive
pair-binding energy is obtained when U > U, ~ 0.4W,
close to where the NNN-AFM develops. The intra-orbital
NNN pairings in the d,(,) orbitals dominate the pairing
strength. The pairing in the d;, orbital is small since the
dyy orbital remains half-filled and its AFM correlation is
the strongest among all orbitals. However, there is an
important feature that the sign of the pairing amplitude
on the d, orbital is opposite to the ones on the d,. )
orbitals. We find that the sign-change is as universal as
the A1y s-wave pairing symmetry in the whole param-
eter region we calculate. If one assumes that in going
back to the homogeneous limit, the pairing amplitudes
within every unit cell are similar to those calculated in
the four-site system, we can write down the matrix rep-
resentation of the pairing in k-space, A(k), defined as
Aup(k) = (dat(K)dgy (—k)). The matrix representation
for the SC phase induced by J2 interaction is

] Ay 00
ANNNIy = 0 Ay 0O cosky cosky, (3.1)
0 0 —Ay

where A; o are constants and they have the same sign.
From Fig. 6(c) we also see that the pairing strengths are
enhanced by increasing Js.

For the completeness of the work, we have consid-
ered the case with dominant NN AFM exchange Ji, or
J1 #0,J2 = 0. The results, shown in Figs. 7 and 8, for
this case are almost parallel to those for J; = 0, Jy # 0,
but one needs to change ‘NNN’ to ‘NN’: The region with
positive pair binding energy is greatly enlarged when
J1 = 0.1U is included; the region with positive pair bind-
ing energy exists within the region with NN AFM spin
correlation. And again a finite Jp is needed to obtain
positive pair binding energy, or the SC phase. The A;,
pairing symmetry has also been confirmed in this case.
One can see some deviations from the case with Js in the
orbital resolved pairing amplitudes shown in Fig. 8. The
NN pairing amplitudes are now stronger than their NNN
counterparts, which is easily understood because J; is a
NN AFM coupling. The inter-orbital pairing on d,, and
dy. becomes comparable to the dominant intra-orbital
pairings on d,, and d,,, orbitals. Note that the property,
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FIG. 7: The pair-binding energy (a) and the NN spin corre-
lations (b) for a 2 x 2 plaquette in the three-orbital model are
plotted as functions of U/W and Jg /U within exchange cou-
pling J1 = 0.1U. The dotted lines in (a) enclose the regions
with positive pair-binding energy, suggesting a SC phase.
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FIG. 8: The pairing amplitude of the intra-orbital (a) and the
inter-orbital (b) electron pairings as functions of U at fixed
parameters of Jg = 0.2U and J; = 0.1U. The green dotted
lines divide the regions of positive (right) and negative (left)
pair-binding energy. The ‘NN’ in the legend means sites 1
and 2 while ‘NNN’ means sites 1 and 3; all other pairings’
amplitude can be derived from the A4 symmetry.

Aap(12) = —A43(43) with o = dp, and 3 = d,. in
a 2 x 2 plaquette, makes the whole pairing still belong-
ing to the A4 representation. The intra-orbital pairing
amplitudes on d,, and d,, orbitals are exactly opposite
to each other while the one on d, orbital is identically
zero. This is in a curious consistency with the result
from a mean-field theory in a two-band model with J;-
type interaction. If one neglects the inter-orbital pairing
we find here, which breaks translational symmetry and
could be special due to our artificially modulated lattice,
the previously defined pairing matrix in the J; induced
SC phase is

) A; 0 0
ANNK)=| 0 —A3 0 | (cosk, —cosk,), (3.2)
0 0 O

where Aj3 are constants of comparable magnitude and
all smaller pairing channels are ignored. Different from
the case with Js, the pairing magnitude does not change
significantly as Ji increases as far as J; > 0.4W (not
shown).
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FIG. 9: The pair-binding energy (a) and the diagonal spin-
spin correlations (b) for a 2 x 2 plaquette in the three-orbital
model are plotted as functions of U/W and (J1 — J2)/U at
fixed parameters of Jg = 0.2U and J; + J2 = 0.1U.

It is interesting to study the case where both J; and
Jo are present. In fact, the SC orders induced by J; and
Jo compete with each other. In Fig. 9, we plot the pair-
binding energy and the diagonal (NNN) spin-spin corre-
lation function as a function of U/W and (J; — J2)/U
keeping J; + Jo = 0.1U and Jg = 0.2U. The parameter
space can be clearly divided in half by the line J; ~ Js.
The NNN spin correlations in the two halves are oppo-
site. For J; < J2, the NNN exchange is dominant and
the NNN correlation is AFM, while for J; > Js, the
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FIG. 10: The pairing amplitude of the intra-orbital (a) and
the inter-orbital (b) electron pairs as function of (J; — J2)/U
at fixed parameters of U = W, Jg = 0.2U and J1+J2 = 0.1U.
The ‘NN’ in the legend means sites 1 and 2 while ‘NNN’ means
sites 1 and 3; all other pairings’ amplitude can be derived from
the A4 symmetry.

NN spins are antiferromagnetically aligned thus making
the NNN spin correlation FM. From this figure one also
knows that the SC parameter region shrinks when J; and
Jo are close in magnitude. From Fig. 10, one can see that
the two SC phases, induced by J; and J, respectively, are
rarely mixed, but there is a sharp divide in between at
J1 ~ Ja. We have studied the cases with only J; or J
present, and one should keep in mind that what applies
for J; > 0, J, = 0 can be extended to a larger parameter
space where J; > Jo > 0, and what is true when Jy > 0,
J1 = 0 remains valid as far as Jy > J; > 0.

IV. ORIGIN OF THE SIGN CHANGED
PAIRING ON d,, ORBITAL

There is one singular property of the pairing structure
revealed in our results. We find that if Jy is dominant
the pairing amplitude on the d, orbital is always oppo-
site to those on d,. and d,, orbitals. To check if this
property is model dependent, we perform the calcula-
tion with a four-orbital model, and find the effect more
pronounced: In the four-orbital calculation, the pairing
on dgy orbital is as large as that on d,.(,.), but still
has the opposite sign (see Fig.11(a)). A simple model
in the strong coupling limit can help us understand this
effect. Let us consider a two-site system. On each site
there is more than one orbital, denoted by «, 3, .... There
are intra- and inter-orbital hoppings between the two
sites 1%, and the interactions include onsite intra- and
inter-orbital Coulomb repulsions U and U’. Suppose
there are two electrons, and we know that an effective
intra-orbital AFM exchange coupling J is derived from
intra-orbital hoppings and intra-orbital repulsion. The
AFM exchange obviously favors a singlet pair on the
same orbital. Now we consider the effective Josephson
coupling between two of these pairs on two different or-
bitals. A singlet state formed on the ath orbital is |s,) =
(CIQTC;(},L - cl{aicgwﬂm/ﬁ. We also define a doubly oc-
cupied state that will be used as a intermediate state:
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FIG. 11: a: The spin correlation (upper) and pairing am-
plitude (lower) of diagonal bonds as functions of U in the
four-orbital model. The inset shows the pair binding energy
in unit of band width. b: The schematic pairing amplitude
of a 2D five-orbital model in the superconducting state inside
the first (folded) Brillouin zone. Red and blue mean positive
and negative signs, and the thickness indicates the size of the

gap.
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Treating the inter-orbital hoppings as perturbation, i.e.,
t}fﬁ < U’, the first order correction to the ground state

[$a) is
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In this new basis |s), the pair hopping amplitude be-

tween a pair on orbital @ and another on orbital 3 is
(assuming e, ~ €g)

|s (4.1)

12 412
ta,@t,@a
U/
Or we can write the effective Hamiltonian in the singlet

pair subspace as

(s'a|H|sp) = —2 (4.2)

112412
4 « o

HeH = —2TALAﬁ, (4.3)
where Al creates a single pair |s/). In the case of
iron-SCs, the general symmetry of the lattice requires
t, . = 1, . and t;‘y’zz(yz) = _tgz(yz),xyv as sketched
in Fig. 1. Thus the Josephson coupling between the zz
and yz is negative while the one between the zz(yz)
and zy is positive, which favors the sign change between
Agztyz),az(y=) (i) and Agy 2y (ij). This explains the sign
change observed in our numerical results. The actual
value of this Josephson coupling is determined by details
of the model, but the sign is only determined by lattice
symmetry and hence model independent.

V. DISCUSSION

Strictly speaking, the results we obtained apply to the
strong coupling limit in which electron-electron corre-
lation is comparable to hopping parameters. However,



they are consistent with the results of many previous
studies?*1%13 using other models and methods. The
pairing symmetry is dominated by the Ay, channel. The
pairing strength is drastically enhanced when AFM J; or
Jy is included. When J; is larger than J;, the A;, pair-
ing will have the sign change between electron and hole
pockets (so called si-wave). However, when J; is much
larger than J,, the A;, pairing will be a nodal d-wave
with nodes on hole pockets at T'.

Our study also suggests that the Hund’s coupling is
very important in inducing the SC pairing and the AFM
correlation’. Without the Hund’s coupling, the model
does not have positive pair-binding energy in reasonable
parameter regions of other interaction parameters.

Our result indicates that the d., orbital is extremely
important in the strong coupling limit. The pairing in
the d, orbital favors an opposite sign to those in the d,.
and d,, orbitals when J; dominates the pairing. This
relation, if still holds in the homogeneous limit, will result
in the sign change between the hole pockets at I' which
have d,,. .. orbital character and the hole pocket at M in
unfolded Brillouin zone which has d, orbital character®®,
a result can be tested explicitly in future experiments. A
schematic plot of this prediction in folded Brillouin zone
is shown in Fig. 11(b).

Finally, we want to point out that the time reversal
symmetry breaking suggested in Refs. 37,38 is not fa-
vored in our study. A time reversal symmetry break-
ing SC state is favored only if the Josephson couplings
between all three orbitals are positive. However, in
Eq. (4.3), one of the three Josephson couplings has op-
posite sign to the other two.

VI. CONCLUSION

Our study on the checkerboard models constructed
from the two-, three- and four-orbitals for iron-SCs con-
firms the robustness of A;, pairing and suggests new or-
bital dependence of the pairing amplitude. We use ED
to solve the models in the weak inter-plaquette coupling
limit. We find that in the reasonable parameter region,
the pairing symmetry always belongs to the A;, irre-
ducible representation of the Dgj, space group. With
a moderate NNN exchange coupling J, ~ 0.1U, the
pairing is consistent with a gap of the functional form
cos ky cosky, or the sy-wave in a homogeneous system.
In the orbital resolved pairing structure, the amplitude
on dgy orbital is always opposite to that on d,.(,.) in
three- and four-orbital models. We explain this feature
in the context of the inherent symmetry of hopping pa-
rameters and the strong coupling nature of our model.
Experimental consequences of this finding are discussed.
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