ELSEVIER

Available online at www.sciencedirect.com

ScienceDirect

Physica C 460-462 (2007) 1051-1052

PHYSICA (

www.elsevier.com/locate/physc

Symmetry phase diagrams of the superconducting ground states
induced by correlated hoppings interactions

J. Samuel Milldn 2, Luis A. Pérez >*, Evgen Shelomov #, Chumin Wang °©

& Facultad de Ingenieria, Universidad Auténoma del Carmen, Cd. del Carmen, C.P. 24180, Campeche, Mexico
Y Instituto de Fisica, Universidad Nacional Auténoma de México (UNAM), A.P. 20-364, C.P. 01000, México D.F., Mexico
¢ Instituto de Investigaciones en Materiales, UNAM, A.P. 70-360, C.P. 04510, México D.F., Mexico

Available online 14 April 2007

Abstract

The formation of p- and d-wave superconducting ground states on a square lattice is studied within the BCS formalism and a general-
ized Hubbard model, in which a second-neighbor correlated hopping (A#) is included in addition to the on site and nearest neighbor
repulsions. The triplet superconductivity is obtained when a small distortion of the right angles in the square lattice is introduced. This
distortion can be characterized by the difference between the values of As5 in the x %+ y directions, i.e., 63 = (Aff — A#3)/2. The phase
diagram is analyzed in the space of the electron density (n) and J5. The results show that the p- and d-channel superconductivities
are respectively enhanced in the low and high electron density regions.
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The investigation of correlated electron models that
could lead to anisotropic superconducting gaps is highly
motivated by the observation of d-symmetry gap in the
cuprate superconductors [1] and p-wave spin-triplet super-
conducting state in Srp,RuO4 [2]. The two-dimensional
behavior, present in both mentioned systems, could be
essential to understand their peculiar properties. Single-
band second-neighbor Hubbard models on square lattices
have been proposed to describe the dynamics of the carriers
on the CuO; [3] and RuO,; [4] planes. Recently, we have
found that the second-neighbor correlated-hopping inter-
action (Ats) is essential in the d,._,» wave superconductivity
[5] and a further small distortion of the right angles in the
square lattice leads to p-wave superconductivity [6]. It is
worth mentioning that a similar distortion has been
observed on the surface of Sro,RuOy4 [7]. In this article, we
report the phase diagram of p- and d-wave superconduc-
ting ground states by means of a previously used general-
ized Hubbard model [5,6] containing nearest (¢) and
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next-nearest neighbor (#/) hoppings, correlated-hopping
interactions between first (Af¢) and second (At;) neighbors,
along with on-site (U) and nearest-neighbor () Coulomb
interactions [5]. If we consider a small distortion of the
right angles in the square lattice, the second-neighbor inter-
actions change and their new values are ¢, =¢ + 6 and
Aty = At; £ 65, where + refers to the x £y direction.
Applying the BCS formalism [8] to our model, we obtain
the following two coupled integral equations [5,6], which
determine the superconducting gap (4,) and the chemical
potential (u,) for a given temperature (7) and electronic
density (n),

_ (4/101 - V) goz(kx)[gzx(kx) + nocga(kv)] Ev(k)
I="x zk: E,(K) tanh (ZkBT>’
()
1 S(k) — My Ez(k)
n_lz_ﬁszk:T(k)tanh<2kBT>’ (2)

where o =p or d, N; is the number of sites, ¢k) is the
mean-field dispersion relation given by
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e(k) = (U/2 44V )n + 2(t + nAt)[cos(k.a + cos(k,a)]
+2(¢, + 2nAgy) cos(k.a + kya)
+2(f" + 2nAty ) cos(ka — kya), (3)

and the single-particle excitation energy

E,(k) = \/[e(k) — 1, + £2(K). 4)

For the p-channel case, A, =03, A4,(k)= A,[sin(k.a)=+
sin(k,a)], n,==1, and gy(k) =sin(ka); whereas for the
d-channel A4 = At;, A4(k) = Ag[cos(ka) — cos(k,a)], nq =
—1, and gy4(k) = cos(ka).

The main difficulty to solve Egs. (1) and (2) comes from
their integrands, which are governed by the behavior of
1/E,(k) shown in Fig. 1 for U=V=6=0, t' = —0.6|4,
At=0.5]f], Az =0.15f, 03=0.11]¢f), n=0.8, A4,=
0.00154|¢|, and p, = 0.147|¢|. Using this set of parameters,
the plots for o« = p and « = d are visually indistinguishable,
hence in Fig. 1 only the first case is presented. Observe that
the sharp peaks located at the Fermi surface defined by
&(k) = u, are two orders of magnitude larger than the cor-
responding values in the rest of the first Brillouin zone.
Then, the superconducting ground-state properties are
mainly determined by the Fermi surface. This fact seems
to be in accordance to the BCS theory [8]. Also, it can be
proved that the integrands in Egs. (1) and (2) do never
diverge.

On the other hand, the energy of the superconducting
ground state (W,) per site at 7= 0 can be written as [9]

1 A2

W, =— —E,(K)] 4+ ——%—+ (n— 1)g,
N2 W]+ g+ (= D

- (Z+2V)n2. (5)

The phase diagram, shown in Fig. 2, between p- and d-
wave superconducting ground states has been obtained
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Fig. 1. Integrand 1/E k) plotted over the first Brillouin zone for
U=V=06=0, '=-0.6t], At=05{, At=0.15]f, n=08, A,=
0.00154|#], p, = 0.147[¢], and lattice parameter a.
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Fig. 2. Superconducting ground-state phase diagram in the space of
electron density (n) and 63 for U=V =06 =0, ' = —0.6[t|, At = 0.5]¢|, and
At3 = 0.15[¢. Inset: Difference of ground state energies (W}, — Wy) versus n
for the same parameters and d; = 0.134].

by comparing W, and Wy, as illustrated in the inset
of Fig. 2 for U=V =06=0, ' = —0.6|f], At =0.5|¢|, Atz =
0.15]7] and 5 = 0.13]¢|. Notice that the p- and d-channel
superconductivities are, respectively, enhanced in the low
and high electron density regions. This fact is in agreement
with the hole nature of carriers observed in cuprate super-
conductors [1]. Moreover, for a given n, the p-wave super-
conductivity is enhanced by J; and at the same time the
d-channel is being suppressed, since the anisotropy between
X+ p and x — y grows.

In summary, we have presented a generalized Hubbard
model which allows studying p- and d-wave superconduc-
tivities within the same framework. The application of
the BCS formalism to this kind of correlated electron
models leads to the coupled Egs. (1) and (2), whose inte-
grals can be efficiently calculated by isolating the region
around the Fermi surface. Finally, the superconducting
ground-state phase diagram suggests that the number of
nodes in the single-particle wavefunction could be relevant
in the determination of pairing symmetry, i.e., electron-
and hole-like wavefunctions could favour p- and d-wave
superconductivities, respectively.

Acknowledgements

This work has been partially supported by CONACyT-
58938, UNAM-IN116605, UNAM-IN110305, and the
UNAM-UNACAR exchange project. Computations have
been performed at the Bakliz of DGSCA, UNAM.

References

1] C.C. Tsuei, J.R. Kirtley, Rev. Mod. Phys. 72 (2000) 969.

2] K. Ishida et al., Nature 396 (1998) 658.

3] E. Dagotto, Rev. Mod. Phys. 66 (1994) 763.

4] LI. Mazin, D.J. Singh, Phys. Rev. Lett. 79 (1997) 733.

5] L.A. Pérez, C. Wang, Solid State Commun. 121 (2002) 669.

6] J.S. Millan, L.A. Pérez, C. Wang, Phys. Lett. A 335 (2005) 505.

7] R. Matzdorf et al., Science 289 (2000) 746.

8] M. Tinkham, Introduction to Superconductivity, second ed., McGraw-
Hill, New York, 1996.

[9] E. Dagotto et al., Phys. Rev. B 49 (1994) 3548.

[
[
[
[
[
[
[
[



	Symmetry phase diagrams of the superconducting ground states induced by correlated hoppings interactions
	Acknowledgements
	References


